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GENERAL INTRODUCTION 
In the early 1800s, the state of Iowa was covered by over thirty million acres of 
tallgrass prairie (United States Department of the Interior 1992), approximately 85% of 
Iowa's land area (Smith 1981, Dinsmore 1994). Today, as much as 99% of tall grass 
prairie has been destroyed (Dinsmore 1994, Swengel 1996); the remaining fragments are 
isolated and small, surrounded by agriculture and cultivation, grazing and development 
(Smith 1981, Black 1992). This development has resulted in drastic habitat loss for both 
forest and prairie dwelling Neotropical migrant birds (Koford and Best 1996), a loss 
commonly cited as the cause of songbird decline (Rappole 1995). Many of Iowa's native 
plant and animal species were associated with the tall grass prairie, but many grassland 
birds are absent from small prairie fragments (Askins 1993). Most prairie fragments 
throughout the Midwest are too small to support healthy avian assemblages (Herkert 
1991). 
Neal Smith National Wildlife Refuge (Neal Smith NWR), fonnerly Walnut Creek 
National Wildlife Refuge, is a large-scale tallgrass prairie restoration project. Established 
in 1990, with land acquisition approved at 3504 ha, prairie plantings began in 1992 to 
replace fannland in an area oflowa that was historically prairie and savanna (U.S. 
Department of the Interior 1992). Neal Smith NWR prairie areas are being intensively 
managed and have expanded from 567 ha in 1994 to 1132 ha in 1998. Savanna areas are 
also being restored by brush removal and re-introduction of fire. The process of habitat 
restoration on such a large scale offers a unique and ideal opportunity to monitor changes 
in bird species diversity and observe re-establishment of grassland-specific species. 
------------
From 1994 to 1998, point count surveys were conducted at randomly selected 
points at Neal Smith NWR in four representative vegetation classes: herbaceous, 
woodland, riparian, and cropland. A total of91 species were observed within 50-meter 
radius point counts during the 5 years of study. Riparian points had the highest species 
diversity in four of the five years, and highest species richness each year. Species 
diversity and richness at cropland points was lowest each year. I selected 26 grassland 
and woodland species of primary concern and analyzed frequency and abundance data for 
2 
those species. There was a significant increase in frequency of occurrence over time for 
16 species, and 6 of those also significantly increased in abundance, including 2 
grassland-specific species. 
Point counts should be continued in the future to follow the progress of prairie 
restoration and its effect upon native bird species. It is important to use consistent 
. 
techniques for long-term monitoring of populations, otherwise it will be difficult to 
successfully compare data between survey years. To encourage success of future surveys, 
I have also included a detailed list of recommendations for future point-count 
methodology. Some modifications were made to the baseline data-gathering techniques 
to maximize efficiency and accuracy when estimating avian population trends over a 
large area. 
Thesis Organization 
This thesis is organized with two main chapters. Chapter 1 is a paper to be 
submitted for publication in Restoration Ecology and Chapter 2 is a report to be 
submitted to the U.S. Fish and Wildlife Service. Dr. Erwin E. Klaas, my major advisor, 
is co-author on these papers. In addition to these two papers, General Conclusions and a 
list of literature cited in the introduction and concluding chapters are included. 
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CHAPTER 1. OCCURRENCE AND ABUNDANCE OF BREEDING BIRDS ON A 
RESTORED T ALLGRASS PRAIRIE IN IOWA, 1994-1998 
ABSTRACT 
A paper to be submitted to Restoration Ecology 
Liessa H. Thomas l ,2, Erwin E. Klaas l 
Little is known about avian response to habitat restoration, particularly for 
tall grass prairies. Neal Smith National Wildlife Refuge, established in 1990, is one of the 
largest tallgrass prairie restoration projects of its kind, with land acquisition approved at 
3504 ha. Our primary objectives were to obtain baseline infonnation for long-tenn 
monitoring of breeding bird populations in response to large-scale prairie restoration. 
Point count surveys were conducted at Neal Smith National Wildlife Refuge during the 
summer breeding season from 1994-1998. Randomly selected points from four different 
vegetation classes: cropland, herbaceous, riparian, and woodland, were surveyed over the 
five-year study period. A total of91 summer resident bird species were detected, 
including 8 grassland-specific species. Habitat quality and degree of management varies 
between survey points from intensively managed prairie restorations to highly degraded 
savanna communities, and overall percentage of the refuge in actively managed prairie 
plantings has increased substantially each year. We report frequency of occurrence and 
relative abundance for 26 avian species considered characteristic ofIowa grassland and 
savanna communities. We detected significant increases in frequency of occurrence for 
16 species, and 6 of these showed a corresponding significant increase in abundance. 
Neal Smith National Wildlife Refuge has restored a large tract of tall grass prairie habitat, 
possibly increasing breeding success of some grassland dependent birds. 
1 Graduate student and Professor, respectively, Iowa State University, Department of Animal Ecology and 
USGS Iowa Cooperative Fish and Wildlife Research Unit, Ames, IA. 
2 Author for Correspondence. 
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Our recommendations for the success of future restoration projects include the 
creation of large contiguous areas and removal of unnecessary roads and fencerows. 
Intensive management is necessary to control soil erosion and invasive species. Long-
term management efforts should include rotational burning and diverse vegetation 
plantings to simulate a structurally varied ecosystem and attract a diverse assemblage of 
grassland and savanna species. 
INTRODUCTION 
The upper Midwestern states, including about 85% of pre-settlement Iowa (Smith 
1981, Dinsmore 1994), were once covered by vast expanses of tall grass prairie. In the 
early 1800s, over thirty million acres of tall grass prairie covered Iowa (U.S. Department 
of the Interior 1992). Today, as much as 99% ofIowa's tallgrass prairie has been 
destroyed (Dinsmore 1994, Swengel 1996); the remaining fragments are isolated and 
small, surrounded by agriculture and cultivation, grazing and development (Smith 1981, 
Black 1992). Similar fates have befallen the tallgrass prairie ecosystems of other 
Midwestern states, including Minnesota (Johnson and Temple 1990) and Illinois (Herkert 
1991). Agricultural and urban development have severely fragmented native habitats 
(Herkert 1994) to the extent that the predominant habitat type of the Midwest is now 
agriculture. 
Intensive use of the land for agricultural production has resulted in habitat loss for 
both forest and prairie dwelling Neotropical migrants (Koford and Best 1996), a loss 
commonly cited as the cause of songbird decline (Rappole 1995). The Breeding Bird 
Survey (Robbins et al. 1986) and several localized studies (e.g. Herkert 1991, Askins 
1993, Burger et al. 1994) have reported declines in several prairie bird species. Herkert 
and Knopf (1998) discuss widespread loss and fragmentation of native grassland habitat 
in North America resulting in high nest predation rates and declines of several grassland 
bird species. Studies in Illinois have shown grassland bird populations to be lower where 
farmland has fragmented or completely replaced prairies (Warner 1994) and where few 
patches of native grassland are large enough to support territorial grassland birds (Bowles 
5 
et al. 1980). Many of Iowa's native plant and animal species were associated with the 
tall grass prairie and some of these have been extirpated from the state (Dinsmore 1994). 
Other grassland species have been forced into less suitable agricultural habitats and small 
prairie fragments. 
Neal Smith National Wildlife Refuge (Neal Smith NWR), formerly Walnut Creek 
National Wildlife Refuge, is a large-scale tallgrass prairie restoration project in central 
Iowa. Neal Smith NWR was established in 1990 and prairie plantings began in 1992 to 
replace farmland in an area oflowa that was historically prairie and savanna (U.S. 
Department of the Interior 1992). Long-term goals of Neal Smith NWR are to restore 
native tallgrass prairie, wetland, and savanna habitats, to provide habitat improvement 
assistance to local landowners, and to perform research to guide the recovery of the 
tallgrass ecosystem (U.S. Department of the Interior 1993, Drobney 1994). 
Very little is known about the response of non-game birds to large-scale habitat 
restoration, particularly for native tallgrass prairie. The process of habitat restoration on 
~_~ __ , ___ •• _w,_ 
such a large-scale offers a unique and ideal opportunity to monitor changes in bird 
species diversity and observe re-establishment of grassland-specific species. Our primary 
objectives for this project were to acquire baseline information for long-term monitoring 
of breeding bird populations and to document the response of breeding bird populations 
to prairie restoration at Neal Smith NWR. As the Neal Smith NWR prairie expanded 
from 567 ha in 1994 to 1132 ha in 1998, we expected to see an increase in diversity and 
abundance of prairie dwelling birds. Savanna habitats, defined as grasslands with 
scattered trees, typically bur oaks (Quercus macrocarpa), are also being managed. 
Although small in area, remnant savannas are being restored by brush removal and re-
introduction of fire, so we expect to see a future increase in savanna dwelling birds. . 
STUDY AREA 
Fieldwork was conducted at Neal Smith NWR (Figure 1), one of the largest 
tallgrass prairie restorations of its kind, with land acquisition approved at 3504 ha (U.S. 
Department of the Interior 1992). Neal Smith NWR is located in Jasper County, south-
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Figure 1. Map onowa's geologic regions (Adapted from Prior, 1991) showing the 
location, boundaries, and vegetation of Neal Smith National Wildlife Refuge. 
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central Iowa, in the southern Iowa drift plain region, characterized by rolling hills 
interspersed with flat hilltops and valleys (Prior 1991). When Neal Smith NWR was 
established in 1990, it consisted primarily of farmland in tilled row-crop, com and 
soybeans. At the time of acquisition, there were 565 ha of relict natural communities 
within the refuge boundaries, including 293 ha of highly fragmented and disturbed prairie 
remnants, 182 ha of overgrown oak savanna and wooded gullies, and 89 ha of relict 
riparian areas (U.S. Department of the Interior 1993). In 1994, at the beginning of this 
bird survey, 274 ha of cropland had been planted with diverse mixtures of prairie grass 
and forb seed. By the fifth year of bird surveys, in 1998, prairie plantings had expanded 
to 839 ha, with a total of 1132 ha of both planted and remnant prairie. Prairie plantings 
have consisted of a variety of local grass and forb ecotypes native to the tall grass prairie 
region (P. Drobney, personal communication). 
METHODS 
Using GIS landscape coverages, we initially selected approximately 25 randomly 
chosen points in each of four habitats: cropland, herbaceous, riparian, and woodland for a 
total of 103 points. A minimum distance of 200 meters separates points. Points were 
used provided that, at a minimum, the 50-meter radius from each point consisted of the 
same vegetation type. Exceptions to this rule were made for the riparian sites because the 
extent of riparian habitat is limited to narrow linear strips immediately adjoining small 
streams. Cropland points consist of the row crops com or soybeans, riparian points are 
typically at the edge of a small stream surrounded by a variety of other vegetation types, 
woodland points are in small patches of degraded oak savanna or young forest regrowth. 
Herbaceous points include small patches of remnant native prairie, relict prairie 
overgrown with non-native brome grass, or various stages of restored prairie plantings. 
Each year, it was necessary to reclassify some census poin~~~d new points, 
but the number of points in each habitat remained fairly consistent (Table 1). Farmland 
. , .. - ---~----~-.-.. .... -..,.., .... '-.--.-.-,.~~ ... - ..... ---'-. 
was converted to prairie each year and occasionally wooded areas were cleared and 
planted with prairie species. Establishment of a 304 ha Bison and elk pasture in 1996 
8 
Table 1. Number of census points sampled each year for each vegetation classification. 
1994 1995 1996 1997 1998 
Herbaceous 32 35 39 32 31 
Woodland 27 27 29 25 27 
Riparian 25 25 26 19 25 
Cropland 19 16 19 18 22 
Total 103 103 113 94 105 
excluded 19 points from being surveyed in the typical manner, so additional points were 
added outside the Bison and elk enclosure to replace those lost. Expansion of Neal Smith 
NWR boundaries and prairie plantings each year has allowed for additional points to be 
added in areas not available in previous years. 
Point count surveys were conducted between sunrise and 10:00 a.m. during 
summer breeding months from mid-May through mid-July, 1994-1998. With the 
exception of 1994, which had two observers working independently, all other years used 
one observer to do all point counts for the season. Counts were not conducted if wind 
gusts were over IS-20 mph, during significant rain or dense fog, or during imminent 
probability of storms. Each point was visited and point counts were conducted three 
times during each season, at approximately three-week intervals. For each repetition of 
counts, the northern and southern halves of the refuge were visited on alternate days to 
reduce long driving distances, and the order of sampling was randomized to eliminate 
bias due to time of day or sampling order. We recorded all birds seen or heard within a 0-
2S meter, 2S-S0 meter, and SO-100 meter radius of each point. Each point was sampled 
for a total often minutes and observations were separated into the first O-S minutes and 
last 5-10 minutes. Migrants not breeding in central Iowa that were observed early in the 
season and birds flying over but not likely to stop for long periods were recorded but not 
used in data analysis. 
STATISTICAL ANALYSIS 
Data were entered into a computer spreadsheet format at the end of each field 
season and summaries were calculated for all species' frequency of occurrence and 
relative abundance. Data used for this analysis are within the SO-meter radius 10-minute 
9 
counts, as these seem to be the most complete and representative of the selected 
vegetation classes. We selected 26 species, primarily grassland and open woodland birds, 
that we considered important as response Indicators for ecological restoration. The data 
analysis is designed to focus on these 26 species (Table 2). Species were used if they 
were observed within a minimum of 10% of sites of at least one vegetation type for at 
least two of the five years. We combined data from the Eastern Meadowlarks (Sturnella 
magna) and Western Meadowlarks (5. neglecta) because of extreme morphological 
similarity of the two species and variation in observer ability to distinguish these species. 
This group of two species will be referred to as Meadowlarks and is counted as one 
species. 
We used the SAS statistical package (SAS Institute1990) for data analysis. 
Annual frequency of occurrence data was summarized for each species in each vegetation 
type. Frequency of occurrence was defined by the proportion of sites occupied by a 
--...--------~~.--.... --"-~,.,...~., ...... ,,.-..-....... -.... ,,-~.--................. --~...-,--- ... ,,,~ ... ~-....... --,.-.."""',..,----. 
species in each vegetation type each year. We tested trends of individual species 
frequencies of occurrence over the five-year period using a linear logistic regression 
model. Our assumptions were that frequency has a binomial distribution with parameters 
Pj (proportion of sites occupied by a species in year j) and Nj (number of sites sampled in 
yearj). Our regression model was: log (Pj/l-Pj) = a+J3j. From this model, parameter 
estimates were used as an estimate of slope for the yearly trend in frequency. The y-
intercept was set at 1994, the first year of this study. The associated odds ratio was used 
as a confirmation of positive or negative trend. 
Relative abundance data were summarized using the maximum number of 
individuals observed during anyone of the three counts at each point per year. The 
maximum number of individuals for each species observed during anyone of the three 
visits to each point was used as the abundance for that point. These numbers were then 
totaled within vegetation classes to give annual abundance for each species in each 
vegetation. We used Poisson regression models as a test for trends in abundance for 
~---------------------------individual species in each vegetation class over the five-year period. Our assumption is 
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Table 2. Species chosen to be of conservation importance based upon the goals of Neal 
Smith NWR and with sufficient* data for statistical analysis. 
Species 
American Goldfmch 
Baltimore Oriole 
Bobolink 
Brown Thrasher 
Brown-headed Cowbird 
Common Yellowthroat 
Dickcissel 
Eastern Kingbird 
Eastern Wood-Pewee 
Field Sparrow 
Grasshopper Sparrow 
Great Crested Flycatcher 
Grey Catbird 
Indigo Bunting 
Killdeer 
Meadowlarks ** 
Mourning Dove 
Northern Cardinal 
Northern Flicker 
Red-headed Woodpecker 
Red-winged Blackbird 
Ring-necked Pheasant 
Rose-breasted Grosbeak 
Sedge Wren 
Song Sparrow 
Yellow Warbler 
a Graber and Graber 1963 
b Erlich et al. 1988 
c Black 1992 
d Zimmennan 1993 
e Packard 1997 
Habitat preference*** 
Field h, open woodland C 
Open woodland b,. 
Grassland b,c,. 
Open woodland b,c 
Generalist b, grassland d 
Grassland d, edge a 
Grassland b,c.d 
Grassland e, open woodland a,b,c,d 
Forest b 
Wooded edge a.b 
Grassland b,c.d 
Open woodland b 
Open woodland b 
Open woodland b,c 
Agricultural field a,d 
Grassland b,c.d,e 
Grassland d, open woodland b 
Open woodland b 
Woodland c 
Open woodland a,b,c.e 
Grassland d, riparian b 
Grassland d, generalist b 
Woodland b 
Grassland d, wet meadow b 
Moist woodland edge b 
Edge b 
Conservation 
Significance**** 
BBS 
BBS, USFWS 
Nest parasite 
BBS, NAS, USFWS 
BBS 
BBS, USFWS 
BBS, NAS, USFWS 
BBS, NAS, USFWS 
USFWS 
BBS, NAS, USFWS 
Introduced game bird 
NAS, USFWS 
NAS 
* A species was considered to have sufficient data for statistical analysis if it was detected for at least 10% of the 
points in at least one vegetation cover. 
** Eastern and Western Meadowlarks were combined and analyzed as one species, due to possible observer difficulty 
distinguishing these similar species. 
*** Grassland is habitat dominated by grasses and forbs. Open woodland includes savanna and is less than 50% 
canopy cover. Woodland is less than 80% canopy cover. Forest is more than 80% canopy cover. 
**** Sources for conservation significance: 
NAS National Audubon Society blue listed species of concern (Tate 1986), 
BBS Breeding Bird Survey species in decline (Robbins et ai, 1986) 
USFWS Migratory nongame birds of management concern in the United States: The 1995 list (Office of 
Migratory Bird Management 1995) 
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that Aij (abundance of species i in year j) have a Poisson distribution with mean Ai. 
We used the Poisson log linear model: log Ai = a.+Bi where Ai = e(l+J3i and eJ3 is the annual 
increase or decrease. When B is 0, there is no trend, when B is greater than 0, there is an 
average annual increase, and when B is less than 0, there is an average annual decline in 
abundance. Slope estimates were converted to percent increase per year; these 
transformed slopes are the annual percent increase reported. 
We used ANOVA to test for species richness each year in each of the four 
vegetation types. We also examined a group of 8 grassland-specific species (Bobolink, 
Dickcissel, Eastern Meadowlark, Field Sparrow, Grasshopper Sparrow, Sedge Wren, 
Upland Sandpiper, and Western Meadowlark) and compared abundance data for this 
guild with all other species in each vegetation type. For this analysis, we again used 
Poisson regression to test for a significant increase in grassland-specific birds when 
compared to all other species. 
RESULTS 
A total of91 summer resident species for central Iowa were observed within 50-
meter radius point counts during the five-year study period (Appendix 1), a mean of 72.2 
species per year. Overall, using data from the 0-50 meter radius counts, riparian points 
had a total of75 summer resident species observed during the five years. We recorded a 
total of 73 different summer resident species at herbaceous points, 67 species at woodland 
points and 52 species at cropland points. Twelve species were observed in only one of 
the five years and 48 species were observed at least once each year. 
Over all vegetation types, Red-winged Blackbirds were the most frequently 
observed and most abundant each year except 1998 when Common Yellowthroats were 
equally frequent. Common Yellowthroats were the second most frequently observed in 
all other years except 1996 (5 th). American Goldfinches were fourth most frequent from 
1995-1997, and third most frequent in 1998, up from 16th in 1994. In four of the five 
survey years, seven species appeared in the top ten most frequently observed: American 
12 
Goldfinch, American Robin, Brown-headed Cowbird, House Wren, Mourning Dove, 
Northern Cardinal, and Song Sparrow. 
Trend analysis for frequency of occurrence data shows a significant increase over 
the five-year study period for six grassland bird species, including two grassland-specific 
species, in herbaceous plots (Table 3). These species include American Goldfinch, 
Dickcissel, Field Sparrow, Grasshopper Sparrow, Killdeer, and Red-winged Blackbirds. 
Brown-headed Cowbirds and Ring-necked Pheasants, an introduced species, were 
detected more frequently in all vegetation classes over the study period. An increase in 
frequency was also noted for Common Yellowthroats, Great-crested Flycatchers, Grey 
Catbirds, Indigo Buntings, Mourning Doves, Northern Cardinals, Northern Flickers, and 
Song Sparrows. A decrease in frequency was noted for Baltimore Orioles, Meadowlarks, 
and Rose-breasted Grosbeaks. There were 7 species showing non-significant results for 
trends in frequency. Short-eared Owls and Northern Harriers, both on Iowa's endangered 
species list (State ofIowa 1994), have been observed on the refuge during the breeding 
season, though rarely within a point count radius. 
A significant increase in abundance was noted for four grassland birds (Table 4): 
American Goldfinches, Dickcissels, Grasshopper Sparrows, and Red-winged Blackbirds. 
Significant increases in abundance were noted for two other species often associated with 
grasslands and edges: Brown-headed Cowbirds and Song Sparrows. Significant declines 
in abundance were noted for 5 species: Baltimore Oriole, Brown Thrasher, Meadowlarks, 
Northern Cardinals, and Ring-necked Pheasants. There were 15 species showing non-
significant results for trends in abundance. 
For total species diversity, we examined the total number of species observed per 
year in each vegetation class. For species richness, we summarized the average number 
of species observed per point, in each vegetation class, per year. Total species diversity 
and richness were lowest at cropland points every year (Table 5). Riparian points had the 
highest total species diversity in four of the five years and highest species richness each 
year. Herbaceous points contained the highest total species diversity in 1995, second 
highest total species diversity in 1994, and second highest species richness in 1998. 
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Table 3. Frequency of occurrence data for the 26 species analyzed using linear logistic 
regression to test for trends over the five-year period in each vegetation class. Slope 
estimates are shown with corresponding p-values for significant results. 
Species Cropland Herbaceous Riparian Woodland Overall 
American Goldfinch 0.42 0.71 0.88 0.46 
p=0.0053 p=O.OOOI p=O.OOOI p=O.OOOI 
Baltimore Oriole 0.46 -0.33 -0.17 -0.39 
p=0.0346 p=0.0205 p=0.0023 p=0.0189 
Bobolink 
Brown Thrasher 
Brown-headed Cowbird 0.37 0.42 0.33 0.34 
p=O.OO13 p=0.0041 p=0.0079 p=O.OOOI 
Common Yellowthroat 0.65 0.70 0.35 
p=O.OOOI p=O.OOOI p=O.OOOI 
Dickcissel 0.25 0.31 0.18 
p=0.0431 p=0.0154 p=0.0044 
Eastern Kingbird 
Eastern Wood-Pewee 
Field Sparrow 0.80 0.53 0.62 0.34 0.47 
p=O.OOIl p=O.OOOI p=0.0002 p=0.0084 p=O.OOOI 
Grasshopper Sparrow -0.38 0.32 0.32 0.15 
p=0.0380 p=0.0059 0.0311 p=0.0386 
Great Crested Flycatcher 0.32 0.16 
p=0.0098 p=0.051O 
Grey Catbird 0.76 0.39 
p=0.0118 p=0.0089 
Indigo Bunting 1.0 0.28 0.13 
p=0.0013 p=0.0473 p=O.0440 
Killdeer 0.40 0.17 
p=0.0134 p=0.0163 
Meadow larks -0.47 
p=0.0038 
Mourning Dove 0040 0.49 0.30 
p=0.OO06 p=0.0004 p=O.OOOI 
Northern Cardinal 0.70 0.59 0.17 
p=0.0002 p=O.OOOI p=0.0065 
Northern Flicker 0.25 0.23 
p=0.0462 p=0.0037 
Red-headed Woodpecker 
Red-winged Blackbird 1.7 0.32 0.24 
p=0.0001 p=0.0098 p=0.0025 
Ring-necked Pheasant 0.78 0.86 0.70 0.90 0.77 
p=O.OOOI p=0.0001 p=O.OOOI p=0.0001 p=0.0001 
Rose-breasted Grosbeak -0.36 
p=0.0130 
Sedge Wren 
Song Sparrow 0.35 0.43 0.17 
p=0.0319 p=0.0002 p=O.OO77 
Yellow Warbler 
'" Positive values of slope estimates represent average yearly percentage increase in frequency. Negative values of 
slope estimates represent average yearly percent declines in species frequency. 
- = Non-significant results 
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Table 4. Relative abundance data for the 26 species analyzed using Poisson regression to 
test for trends in abundance over the five-year period for each vegetation class. Slope 
estimates are shown with corresponding p-value for significant results. 
Species Cropland Herbaceous Riparian Woodland Overall 
American Goldfmch 0.56 0.36 0.25 
Baltimore Oriole 
Bobolink 
Brown Thrasher 
Brown-headed Cowbird 
Common Yellowthroat 
Dickcissel 
Eastern Kingbird 
Eastern Wood-Pewee 
Field Sparrow 
Grasshopper Sparrow 
Great Crested Flycatcher 
Grey Catbird 
Indigo Bunting 
Killdeer 
Meadowlarks 
Mourning Dove 
Northern Cardinal 
Northern Flicker 
Red-headed Woodpecker 
Red-winged Blackbird 
Ring-necked Pheasant 
Rose-breasted Grosbeak 
Sedge Wren 
Song Sparrow 
Yellow Warbler 
p=0.0004 p=O.OOOI p=O.OOOI 
-0.42 
p=0.0080 
-0.29 
p=0.0123 
0.12 
p=0.0075 
-0.31 
p=0.0214 
-0.36 
p=0.0165 
0.20 
p=0.0147 
0.18 
p=0.0433 
-0.21 
p=0.0488 
0.25 
p=0.0083 
0.17 
p=0.0135 
-0.27 
p=0.0028 
-0.12 
p=0.0152 
0.31 
p=0.0013 
0.18 
p=0.0516 
* Positive values of slope estimates represent average yearly percentage increase in abundance. Negative values of 
slope estimates represent average yearly percent declines in species abundance. 
- = Non-significant results 
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Table 5. Total species diversity (total number of species seen in each vegetation class per 
year and overall) and species richness, (average number of species observed per point in 
each vegetation class, below), within the 50-meter radius each year for each vegetation. 
1994 1995 1996 1997 1998 Total diversity 
CROPLAND Total diversity 28 40 22 21 32 52 
Richness 4.4 7.1 3.2 3.4 5.2 
HERBACEOUS Total diversity 49 57 47 33 44 73 
Richness 5.5 7.5 6.3 6.9 7.0 
RIPARIAN Total diversity 52 54 51 42 49 75 
Richness 9.3 8.8 10.3 9.4 8.7 
WOODLAND Total diversity 49 49 50 40 45 67 
Richness 8.1 8.6 8.5 6.3 6.1 
Total diversity 69 76 66 59 63 
Woodland points contained second highest total species diversity in 1994, 1996, and 
1997, and second highest species richness in 1994, 1995, and 1996. The difference in 
species richness between vegetation types was significant (p=O.OOOl). IA SI"6 4 rJ() vA 
Grassland-specific species analyzed as a guild were detected most frequently at 
herbaceous points and least frequently at woodland and cropland points (Table 6). All 
other species, as a group, were detected most frequently at riparian points and least 
frequently at cropland points from 1994-1997, and least at woodland points in 1998. As a 
group, grassland birds showed a significant decline at cropland sites (p=O.OOOl) and a 
significant increase at riparian points (p=O.0176), while results for herbaceous and 
woodland points were inconclusive. As a group, all other species showed a significant 
increase at cropland points (p=O.0077) and significant decline at woodland points 
(p=O.OOOl), with inconclusive results for herbaceous and riparian points. 
Table 6. Detection frequency of grassland-specific birds (above) and all others (below) 
analyzed as guilds for each vegetation class in each year. Numbers indicate average 
number of individuals detected per point. 
1994 1995 1996 1997 1998 
CROPLAND Grassland birds 1.00 2.30 0.32 0.39 0.43 
All others 6.00 8.20 7.20 6.80 9.10 
HERBACEOUS Grassland birds 3.30 3.20 3.10 4.90 2.90 
All others 8.30 9.70 8.70 9.50 9.60 
RIPARIAN Grassland birds 0.88 0.92 1.70 2.60 1.00 
All others 15.00 12.00 17.00 16.00 14.00 
WOODLAND Grassland birds 0.48 0.52 0.48 0.48 0.37 
All others 11.00 9.90 13.00 7.30 7.90 
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Weather may playa significant role in determining species composition each year 
(Cody 1985). Monthly climatalogical mean temperatures and total precipitation with 
departures from normal for the study period are included in Appendix 2. Unusually high 
rainfalls occurred in May 1996 and June 1998. May 1996 and May 1997 were cooler 
than average which may have delayed migration and early nesting attempts. Weather 
effects were not analyzed here, but they may have been a factor causing some 
environmental fluctuation. 
DISCUSSION 
Most birds native to the tall grass prairie are migrants that use this habitat for 
summer breeding grounds (Terborgh 1989, Zimmerman 1992, Madson 1995). Migrant 
bird communities reassemble each spring, and population size and location may show 
yearly variation depending upon local food supply and vegetation structure (Cody 1981). 
Riparian habitats in this study typically contain a thin strip of true riparian habitat 
surrounded by any of the other three habitat classes used. Riparian habitats may even be 
a thin waterway immediately surrounded by scattered trees and non-native grasses, then 
cropland on one side of the stream with tallgrass prairie plantings on the other. This 
~iversity of vegetation covers could account for the high diver~ity of birds observed 
within riparian point counts. 
Annual rainfall and weather patterns may influence the bird community by 
affecting primary production and insect abundance (Cody 1981, Rotenberry et al. 1995). 
Severe weather may also be a significant influence on avian populations, particularly after 
an unusually stormy spring or very cold winter (Robbins et al. 1986). May 1996 and 
June 1998 were particularly rainy months, May 1996 and May 1997 were much cooler 
than average. These weather effects could have affected the bird community composition 
or bird detectability in our study, although these possible effects were not examined here. 
Aside from vegetation type and yearly weather effects, grassland birds are 
------
attracted to a habitat based upon t~~ area (Herkert 1994), variety, density, and structure 
" ,. ____ - u _' ___ ._ .. _ •• __ • ____ ., __ • __ • ___ ._,,_~ __ ~ ___ _ 
of the vegetation, and dep~~:..!i!tE.~.@Y~!" (Wiens 1973, Kantrud and Higgins 1992) . 
. . -----------
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Some of the grassland species for which we report an increase require a diverse variety of 
vegetation types. For instance, Dickcissels prefer dense old-field and prairie habitat 
(Zimmennan 1982) and more mesic prairie areas (Swengel 1996). Grasshopper 
Sparrows, however, prefer drier grasslands (Swengel 1996) with a high percentage of 
dense litter cover (Whitmore 1979, Johnson et al. 1998). Some grassland dependent birds 
will nest in planted grasslands that simulate native prairies, such as Conservation Reserve 
Program fields (Delisle and Savidge 1998), hayfields, pasture, and grassed waterways 
(Best et al. 1995). Thus, large grasslands with a wide variety of vegetation diversity and 
structure may attract the most diverse assemblage of grassland birds. Based on our data 
from the first five years of restoration, Neal Smith NWR has made a good start toward 
providing the necessary habitat for attracting viable populations of native grassland birds 
to Iowa's landscape. 
Some species may benefit from the presence of agricultural row-crops and grazed 
lands. Populations of Homed Lark (Graber and Graber 1963, Herkert 1991, Koford and 
Best 1996), Vesper Sparrow (Rodenhouse and Best 1983, Herkert 1991), and Killdeer 
(Graber and Graber 1963, Zimmennan 1993, Koford and Best 1996) have been 
successful breeders in agricultural fields and fencerows. At our survey points, Horned 
Larks were observed 1994-1996, but not in 1997 and 1998, Vesper Sparrows also 
declined in 1997 and 1998, and Killdeer observations may have increased slightly. As 
tallgrass prairie plants become established and replace row crops within the boundaries of 
___ ". ___ . _____ . ________ ----------r-v---.--------·~-_____ ~ 
Neal Smith NwR, we expecfto·see a decrease in these species associated with bare 
,- - - .- ._- .,-. -.-.--~~ -,,--.- --. ~.----.'-.. - .• ~.~* .. ___..._._~p ~·----.'·----·-~·-~-' ... ----~-.. ·-..... -.~ ... T_ 
,_ ~?':illd an4~h~I1: gr~sh:abitats. Although the tallgrass prairie may support relatively low 
densities of breeding birds (Herkert 1991, Zimmennan 1992), row crops are generally 
considered among the worst avian habitats, having low bird density and diversity (Graber 
and Graber 1963, Basore et al. 1986, Best et al. 1995). Maintenance of intensive row 
crops has had a detrimental effect on bird communities (Rodenhouse et al. 1995) because 
of destruction of native vegetation habitats. 
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Species of Special Concern 
The Office of Migratory Bird Management's list of birds of regional concern 
(1995) includes 13 species observed regularly at Neal Smith NWR. These include 
Northern Harrier, Upland Sandpiper, Yellow-billed Cuckoo, Short-eared Owl, Red-
headed Woodpecker, Northern Flicker, Sedge Wren, Bell's Vireo, Dickcissel, Field 
Sparrow, Grasshopper Sparrow, Bobolink, and Eastern Meadowlark. According to the 
national Breeding Bird Survey (Robbins et al. 1986), populations of many grassland 
species including American Goldfinch, Bobolink, Dickcissel, Eastern and Western 
Meadowlarks, and Grasshopper Sparrow are declining in the central United States. 
Several species of grassland birds are known to be area-sensitive and most likely 
to be found only on large grasslands: Grasshopper Sparrow and Eastern Meadowlark 
(Herkert 1994, Vickery et al. 1994, Freemark et al. 1995), American Goldfinch, Western 
Meadowlark, Field Sparrow, Song Sparrow, and Dickcissel (Freemark et al. 1995). 
These are among the area-sensitive grassland species that showed a significant increase 
during this study. Upland Sandpipers, a tallgrass prairie species, have only been obser ... ed 
in low numbers during our surveys. They appear on the Audubon Society Blue List (Tate 
1986) and are a state-listed threatened species in Illinois (Bowles et al. 1980). Upland 
Sandpipers are thought to be area-sensitive (Vickery et al. 1994, Freemark et al. 1995), 
and in a North Dakota study, prefer native grasslands with dense vegetation (Kantrud and 
Higgins 1992). Short-eared Owls and Northern Harriers, both on Iowa's endangered 
species list (State oflowa 1994) have been observed at Neal Smith NWR during the 
breeding season, but only in small numbers and rarely during the point counts. Northern 
Harriers are area-sensitive and require undisturbed grasslands with a high percentage of 
standing dead plant material (Kantrud and Higgins 1992, Herkert et al. 1999). Northern 
Harriers and Short-eared Owls may require large areas for successful reproduction 
(Vickery et al. 1994), or they may respond more strongly to total grassland area in a 
landscape rather than total area of any particular parcel (Herkert et al. 1999). Perhaps 
these two species of particular concern and other area-sensitive species will establish 
themselves at Neal Smith NWR in the future, as additional prairie habitat is created. 
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Conservation Significance 
Agricultural land use of the upper Midwestern states has not traditionally been 
wildlife friendly; drainage of prairie potholes and marshes, agricultural chemical runoff, 
and channelization of rivers has meant drastic loss of total habitat and habitat diversity for 
many bird species (Dinsmore 1981, Zaletel and Dinsmore 1985). Although the land 
coverage of Neal Smith NWR is just a fraction of the vast expanse ofIowa that was 
historically prairie, it will eventually become one of the largest tracts of grassland in 
central Iowa. As Neal Smith NWR continues in its mission to restore the tall grass prairie 
ecosystem, roads, farmsteads, fences, and buildings are removed and cropland is 
converted to plantings of native prairie species. Native tallgrass prairie species have been 
planted and managed on a rotating bum schedule, contiguous grassland area has 
expanded yearly, edges are being removed, and perhaps the effects of fragmentation will 
be reduced in the future. 
Forest fragmentation and its role in the decline ofNeotropical migrants has been 
intensively studied in recent years (e.g. Askins et al. 1990, Faaborg et al. 1995, Robinson 
et al. 1995). Loss of riparian habitat has had a similar detrimental effect on populations 
of wetland birds (Terborgh 1989, Powell and Collier 1998). Fragmentation is often 
associated with increased edge effects, cowbird parasitism, and nest predation (Robinson 
et al. 1995, Donovan et al. 1997). Habitat loss and the effect of edges on interior-
dwelling birds applies to grasslands as well as forests and wetlands (Johnson and Temple 
1990, Askins 1993, Burger et al. 1994, Vickery et al. 1994). Prairie fragments may be 
habitat sinks (Warner 1994), where larger source areas must also be maintained in order 
to support healthy populations of breeding grassland birds (Burger et al. 1994, Faaborg et 
al. 1998). Many grassland birds are absent from small prairie fragments (Askins 1993), 
and most Midwestern prairies are too small to support healthy avian assemblages 
(Herkert 1991). 
Other studies have shown that birds react favorably to vegetation restoration. 
Kershner and Bollinger (1996) reported that several grassland species nested successfully 
on managed grasslands at Illinois airports. Restored wetlands (e.g. Mulyani and DuBowy 
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1993, VanRees-Siewert and Dinsmore 1996, Kus 1998) also attract populations of native 
birds that nonnally breed in these habitats. Even reclaimed surface mines planted with a 
low diversity of grasses and legumes attract breeding grassland birds (Allaire 1978, 
Whitmore and Hall 1978). 
Of Iowa's 186 total breeding bird species, 12 have been extirpated (Dinsmore 
1994),9 are endangered, and 2 are threatened (State ofIowa 1994). There is the 
possibility that area-sensitive species such as Short-eared Owl, American Woodcock, 
---------. 
Dickcissel, and l!p)ani! San~iper, once regular breeders in Iowa's prairies (Dinsmore 
----------- --- ----·--·-,·----___ ·w ___ ~_,_ •• _. 
1994), may soon discover this expanding tract of prairie and return to breed on a regular 
basis. Species generally thought to be extirpated from breeding grounds in Iowa, such as 
Sandhill Cranes (Dinsmore 1994) and Greater Prairie Chicken (Dinsmore 1994, Drobney 
1994) may recover when sufficient prairie habitat has been created. In Iowa's agricultural 
landscape, bird species abundance is lowest in tilled row crops (Best et al. 1995), the 
habitat being replaced by tallgrass prairie plantings at Neal Smith NWR. 
With the prairie expansion, interior habitats will increase, a continuum of 
vegetation structures will develop, and prairie birds may discover the area and return to 
breed on a regular basis. Conservation ofNeotropical migrant songbirds is a continuing 
topic of concern (Rappole and McDonald 1994) and if research can show that birds 
respond favorably to restored or reconstructed native habitats, perhaps public agencies 
and private individuals will be inspired to create and restore other large natural areas. 
Management Recommendations 
Restoration of a habitat before extinction occurs can provide an important means 
of allowing a significant number of species to recover (Dobson et al. 1997). To help 
grassland bird nesting success, prairie fragments should be as large as possible with 
regular rotational burning schedules (Zimmennan 1993) and intrusive woody vegetation 
removed (Johnson and Temple 1990). These objectives are consistent with management 
goals at Neal Smith NWR. 
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Blankespoor (1980) suggests that to maximize the habitat complexity and 
diversity in grassland ecosystems, it is necessary to restore a diverse native vegetation. 
New native prairie plantings will continue to occur every year over the next several years 
at Neal Smith NWR. Thus the proportion of age, diversity, and physical structure of 
vegetation will vary across the refuge. Grassland habitat is being created in an area 
where the habitat has been absent for over 100 years, and the potential to attract grassland 
and savanna birds is great. Because bird diversity is positively correlated with the 
diversity of the habitat structure (Wiens 1974, Stauffer and Best 1980), structural 
diversity in vegetation can be enhanced, in part, with a staggered burning schedule to 
provide a variety of habitats for a variety of birds (Volkert 1992). Controlled burns are 
currently applied at Neal Smith NWR plantings on a rotating schedule, which should 
attract a variety of avian species while maintaining a diverse flora. Several grassland and 
savanna species have already increased during these early stages of prairie restoration. 
Other species have been observed, such as Upland Sandpipers, Dickcissels, Eastern and 
Western Meadowlarks, and Grasshopper Sparrows, which would not otherwise occur 
here if the vegetation continued to be dominated by cropland. 
Restoration ecologists have a unique opportunity to study a long-term and 
expansive restoration project and observe short and long-term changes in flora and fauna 
as the prairie develops and matures. Refuge managers have a unique opportunity to 
practice adaptive resource management. Gaining information through adaptive 
management involves a restoration planning process with a long-term goals and 
activities. As research and monitoring occurs, proactive measures can be taken, and 
based upon the new insights gained, adjustments to the restoration plan can be made 
(Shabman 1995). 
In the future, refuge managers should strive to maximize area size and minimize 
unnatural edge habitats. Old fence rows and unnecessary roads should be removed and 
woody vegetation should be removed and controlled in prairie habitats. Invasive brush 
and dense woody growth should be removed and managed in savanna restorations. 
Eroded ravines and gullies should be filled in or stabilized with native vegetation. 
22 
Continued management of restored habitats is necessary for their long-term success. 
Large-scale restoration of grasslands and savannas has just started, but based upon our 
study, several species may benefit from these efforts. Uncommon species such as Eastern 
Bluebirds and Red-headed Woodpeckers with affinities for savanna habitat, as well as 
Upland Sandpipers and Bobolinks with affinities for tall grass prairie, already occur and 
should become more abundant in the future. 
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Appendix 1. Summer resident species observed within 50-meter radius plots. 
Common name* 
Acadian Flycatcher 
Alder Flycatcher 
American Crow 
American Goldfinch 
American Kestrel 
American Robin 
American Woodcock 
Baltimore Oriole 
Bank Swallow 
Barn Swallow 
Barred Owl 
Bell's Vireo 
Belted Kingfisher 
Black-billed Cuckoo 
Black-capped Chickadee 
Blue Jay 
Bobolink 
Brown Thrasher 
Brown-headed Cowbird 
Canada Goose 
Cedar Waxwing 
Chimney Swift 
Chipping Sparrow 
Cliff Swallow 
Common Grackle 
Common Yellowthroat 
Dickcissel 
Double-crested Cormorant 
Downy Woodpecker 
Eastern Bluebird 
Eastern Kingbird 
Eastern Meadowlark 
Eastern Phoebe 
Eastern Towhee 
Eastern Wood-Pewee 
European Starling 
Field Sparrow 
Grasshopper Sparrow 
Great Crested Flycatcher 
Great Horned Owl 
Great Blue Heron 
Green Heron 
Grey Catbird 
Grey Partridge 
Hairy Woodpecker 
Horned Lark 
House Finch 
House Sparrow 
Scientific name* 
Empidonax virescens 
Empidonax alnorum 
Corvus brachyrhynchos 
Carduelis tristis 
Falco sparverius 
Turdus migratorius 
Scolopax minor 
Icterus galbula 
Riparia riparia 
Hirundo rustica 
Strix varia 
Vireo bellii 
Ceryle alcyon 
Coccyzus erythropthalmus 
Poecile atricapillus 
Cyanocitta cristata 
Dolichonyx oryzivorus 
Toxostoma rufum 
Molothrus ater 
Branta canadensis 
Bombycilla cedrorum 
Chaetura pelagica 
Spizella passerina 
Petrochelidon pyrrhonota 
Quiscalus quiscula 
Geothlypis trichas 
Spiza americana 
Phalacrocorax auritus 
Picoides pubescens 
Sialia sialis 
Tyrannus tyrannus 
Sturnella magna 
Sayornis phoebe 
Pipilo erythrophthalmus 
Contopus virens 
Sturnus vulgaris (Introduced) 
Spizella pusilla 
Ammodramus savannarum 
Myiarchus crinitus 
Bubo virginianus 
Ardea herodias 
Butorides virescens 
Dumetella carolinensis 
Perdix perdix 
Picoides villosus 
Eremophila alpestris 
Carpodacus mexican us 
Passer domesticus 
Appendix 1 continued. 
Common name* 
House Wren 
Indigo Bunting 
Killdeer 
Lark Sparrow 
Least Flycatcher 
Mallard 
Mourning Dove 
Northern Bobwhite 
Northern Cardinal 
Northern Flicker 
Northern Harrier 
Northern Rough-winged Swallow 
Orchard Oriole 
Purple Martin 
Red-bellied Woodpecker 
Red-eyed Vireo 
Red-headed Woodpecker 
Red-tailed Hawk 
Red-winged Blackbird 
Ring-necked Pheasant 
Rock Dove 
Rose-breasted Grosbeak 
Ruby-throated Hummingbird 
Sedge Wren 
Sharp-shinned Hawk 
Song Sparrow 
Sora 
Spotted Sandpiper 
Swamp Sparrow 
Tree Swallow 
Tufted Titmouse 
Turkey Vulture 
Upland Sandpiper 
Vesper Sparrow 
Warbling Vireo 
Western Meadowlark 
White-breasted Nuthatch 
Willow Flycatcher 
Wood Duck 
Yellow Warbler 
Yellow-billed Cuckoo 
Yellow-breasted Chat 
Yellow-throated Vireo 
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Scientific name* 
Troglodytes aedon 
Passerina cyanea 
Charadrius vociferus 
Chondestes grammacus 
Empidonax minimus 
Anas platyrhynchos 
Zenaida macroura 
Colin us virginianus 
Cardinalis cardinalis 
Colaptes auratus 
Circus cyaneus 
Stelgidopteryx serripennis 
Icterus spurius 
Progne sub is 
Melanerpes carolinus 
Vireo olivaceus 
Melanerpes erythrocephalus 
Buteo jamaicensis 
Agelaius phoeniceus 
Phasianus colchicus (Introduced) 
Columba livia 
Pheucticus ludovicianus 
Archilochus colubris 
Cistothorus platens is 
Accipiter striatus 
Melospiza melodia 
Porzana carolina 
Actitis macularia 
Melospiza georgiana 
Tachycineta bicolor 
Baeolophus bicolor 
Cathartes aura 
Bartramia longicauda 
Pooecetes gramineus 
Vireo gilvus 
Sturnella neglecta 
Sitta carolinensis 
Empidonax traillii 
Aixsponsa 
Dendroica petechia 
Coccyzus americanus 
Jcteria virens 
Vireo flavifrons 
* American Ornithologist's Union (1998) names. 
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Appendix 2. Regional monthly mean temperatures, precipitation, and departures from 
normal. 
1994 1995 1996 1997 1998 
May Jun Jul May Jun Jul May Jun Jul May Jun Jul May Jun Jul 
Mean daily 65.2 72.4 73.0 58.9 71.0 76.4 57.7 70.9 72.7 55.9 72.1 75.6 66.5 68.1 75.4 
mean temp. 
(F) 
Departure 0.2 0.6 -3.6 -3.4 -0.8 0.2 -4.6 -0.9 -3.9 -6.4 0.3 -1.0 4.2 -3.7 -1.2 
from 
normal 
Mean 1.76 5.29 4.30 6.29 2.88 4.36 12.13 2.954.02 3.95 4.90 2.89 4.97 9.95 4.28 
precip. (in) 
Departure -1.90 0.830.52 2.63 -1.58 0.58 8.47 -1.51 0.24 0.29 0.44 -0.89 1.3 5.49 0.50 
from 
normal 
Source: Nation Oceanic and Atmospheric Administration. 1994-1998. Local Climatalogical Data Annual Summary 
with Comparative Data, Des Moines, Iowa. 
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Appendix 3. Absolute frequency of occurrence for all species observed within 50-meter 
radius point counts, arranged by vegetation class, 1994-1998. 
Species Total Herbaceous Cropland Woodland Riparian Year 
Acadian Flycatcher 1 1 0 0 0 1998 
Alder Flycatcher 6 1 0 4 1 1998 
American Crow 26 3 8 9 6 1998 
American Crow 13 3 1 9 0 1997 
American Crow 13 0 1 10 2 1996 
American Crow 8 2 0 6 0 1995 
American Crow 3 0 0 3 0 1994 
American Goldfinch 70 25 10 12 23 1998 
American Goldfinch 67 27 12 11 17 1997 
American Goldfinch 79 23 6 26 24 1996 
American Goldfinch 48 18 8 B 14 1995 
American Goldfinch 26 7 1 8 10 1994 
American Kestrel 1 1 0 0 0 1997 
American Kestrel 1 0 0 0 1 1996 
American Kestrel 3 0 1 0 2 1995 
American Kestrel 1 1 0 0 0 1994 
American Robin 70 15 15 22 18 1998 
American Robin 32 6 4 7 15 1997 
American Robin 85 26 13 22 24 1996 
American Robin 48 10 12 9 17 1995 
American Robin 48 7 5 15 21 1994 
American Woodcock 1 0 0 0 1 1994 
Baltimore Oriole 22 5 7 4 6 1998 
Baltimore Oriole 17 6 2 8 1 1997 
Baltimore Oriole 26 5 0 13 8 1996 
Baltimore Oriole 39 10 3 17 9 1995 
Baltimore Oriole 28 4 1 12 11 1994 
Bank Swallow 1 0 1 0 0 1997 
Bank Swallow 1 0 0 0 1 1996 
Bank Swallow 1 0 0 0 1 1995 
Barn Swallow 28 11 11 1 5 1998 
Barn Swallow 19 9 7 0 3 1997 
Barn Swallow 40 18 13 2 7 1996 
Barn Swallow 30 16 8 1 5 1995 
Barn Swallow 14 7 5 0 2 1994 
Barred Owl 2 0 0 1 1 1998 
Barred Owl 1 0 0 1 0 1997 
Barred Owl 3 1 0 1 1 1995 
Barred Owl 4 1 0 3 0 1994 
Bell's Vireo 1 0 1 0 0 1998 
Bell's Vireo 1 0 0 0 1 1997 
Bell's Vireo 2 0 0 1 1 1995 
Bell's Vireo 1 0 0 1 0 1994 
Belted Kingfisher 1 0 1 0 0 1997 
Belted Kingfisher 2 0 0 1 1 1994 
Black-billed Cuckoo 2 1 0 1 0 1997 
Black-billed Cuckoo 6 1 1 4 0 1996 
Black-billed Cuckoo 3 1 0 2 0 1995 
Black-billed Cuckoo 6 0 0 3 3 1994 
Black-capped Chickadee 23 4 3 12 4 1998 
Black-capped Chickadee 24 4 0 17 3 1997 
Black-capped Chickadee 21 1 0 15 5 1996 
Black-capped Chickadee 19 1 0 14 4 1995 
Black-capped Chickadee 28 0 0 19 9 1994 
Blue Jay 55 9 5 26 15 1998 
Blue Jay 42 9 4 20 9 1997 
Blue Jay 52 9 4 27 12 1996 
Blue Jay 35 7 1 20 7 1995 
Blue Jay 35 5 2 22 6 1994 
Bobolink 2 2 0 0 0 1998 
Bobolink 8 8 0 0 0 1997 
Bobolink 8 8 0 0 0 1996 
Bobolink 4 4 0 0 0 1995 
Bobolink 3 3 0 0 0 1994 
Brown Thrasher 25 10 6 6 3 1998 
Brown Thrasher 10 1 1 7 1 1997 
Brown Thrasher 25 7 1 12 5 1996 
Brown Thrasher 23 3 1 13 6 1995 
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Appendix 3 Continued 
Species Total Herbaceous Cropland Woodland Riparian Year 
Brown Thrasher 18 5 3 6 4 1994 
Brown-headed Cowbird 80 23 20 17 20 1998 
Brown-headed Cowbird 46 9 5 18 14 1997 
Brown-headed Cowbird 88 26 16 22 24 1996 
Brown-headed Cowbird 55 15 12 14 14 1995 
Brown-headed Cowbird 36 7 8 9 12 1994 
Canada Goose 2 0 1 0 1 1998 
Canada Goose 1 1 0 0 0 1995 
Canada Goose 1 0 1 0 0 1994 
Cedar Waxwing 2 1 0 0 1 1998 
Cedar Waxwing 3 0 0 1 2 1997 
Cedar Waxwing 2 0 0 0 2 1995 
Cedar Waxwing .15 2 0 7 6 1994 
Chimney Swift 2 0 0 2 0 1996 
Chimney Swift 3 1 1 0 1 1995 
Chimney Swift 1 0 0 1 0 1994 
Chipping Sparrow 3 1 0 1 1 1997 
Chipping Sparrow 1 0 0 1 0 1996 
Chipping Sparrow 1 1 0 0 0 1995 
Chipping Sparrow 1 1 0 0 0 1994 
Cliff Swallow 3 2 0 1 0 1996 
Cliff Swallow 1 0 1 0 0 1995 
Cliff Swallow 1 0 1 0 0 1994 
Common Grackle 15 5 5 1 4 1998 
Common Grackle 1 0 0 1 0 1997 
Common Grackle 33 9 10 10 4 1996 
Common Grackle 13 6 4 2 1 1995 
Common Grackle 12 3 1 4 4 1994 
Common Ye11owthroat 85 27 15 19 24 1998 
Common Ye1lowthroat 80 32 12 18 18 1997 
Common Ye11owthroat 76 28 4 20 24 1996 
Common Ye11owthroat 62 18 5 18 21 1995 
Common Ye11owthroat 59 16 3 17 23 1994 
Dickcissel 42 20 9 3 10 1998 
Dickcissel 58 29 12 2 15 1997 
Dickcissel 55 32 5 1 17 1996 
Dickcissel 33 18 8 2 5 1995 
Dickcissel 33 19 7 0 7 1994 
Double-crested 1 1 0 0 0 1995 
Cormorant 
Downey Woodpecker 15 2 0 12 1 1998 
Downey Woodpecker 4 0 0 4 0 1997 
Downey Woodpecker 39 5 0 23 11 1996 
Downey Woodpecker 7 1 0 6 0 1995 
Downey Woodpecker 21 2 0 14 5 1994 
Eastern Bluebird 2 0 2 0 0 1998 
Eastern Bluebird 3 3 0 0 0 1997 
Eastern Bluebird 5 2 1 2 0 1996 
Eastern Bluebird 2 2 0 0 0 1995 
Eastern Bluebird 3 0 1 0 2 1994 
Eastern Kingbird 23 4 5 4 10 1998 
Eastern Kingbird 3 1 0 1 1 1997 
Eastern Kingbird 26 13 4 2 7 1996 
Eastern Kingbird 14 6 1 2 5 1995 
Eastern Kingbird 8 2 2 1 3 1994 
Eastern Meadowlark 45 20 10 4 11 1998 
Eastern Meadowlark 50 21 13 7 9 1997 
Eastern Meadowlark 30 17 2 5 6 1996 
Eastern Meadowlark 19 15 2 1 1 1995 
Eastern Meadowlark 4 1 1 2 0 1994 
Eastern Phoebe 2 0 0 1 1 1998 
Eastern Phoebe 3 1 0 1 1 1997 
Eastern Phoebe 2 1 0 0 1 1996 
Eastern Phoebe 1 0 0 0 1 1995 
Eastern Phoebe 3 0 0 1 2 1994 
Eastern Towhee 8 2 0 4 2 1997 
Eastern Towhee 2 0 0 1 1 1996 
Eastern Towhee 1 0 0 1 0 1994 
Eastern Tufted Titmouse 4 1 0 2 1 1997 
Eastern Tufted Titmouse 3 0 0 3 0 1994 
Eastern Wood-Pewee 20 1 1 11 7 1998 
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Appendix 3 Continued 
Species Total Herbaceous Cropland Woodland Riparian Year 
Eastern Wood-Pewee 19 2 1 13 3 1997 
Eastern Wood-Pewee 18 1 0 12 5 1996 
Eastern Wood-Pewee 22 1 0 14 7 1995 
Eastern Wood-Pewee 20 0 0 14 6 1994 
European Starling 11 4 1 2 4 1996 
European Starling 6 5 1 0 0 1995 
European Starling 7 1 2 3 1 1994 
Field Sparrow 39 15 4 13 7 1998 
Field Sparrow 54 22 8 13 11 1997 
Field Sparrow 31 13 1 11 6 1996 
Field Sparrow 19 9 0 9 1 1995 
Field Sparrow 10 4 0 5 1 1994 
Grasshopper Sparrow 30 17 3 1 9 1998 
Grasshopper Sparrow 22 16 2 0 4 1997 
Grasshopper Sparrow 29 17 2 1 9 1996 
Grasshopper Sparrow 29 16 6 0 7 1995 
Grasshopper Sparrow 13 6 6 1 1 1994 
Great Blue Heron 4 1 0 0 3 1998 
Great Blue Heron 2 0 2 0 0 1997 
Great Blue Heron 4 1 2 0 1 1995 
Great Blue Heron 1 0 0 0 1 1994 
Great-crested 22 1 0 16 5 1998 
Flycatcher 
Great-crested 24 3 1 17 3 1997 
Flycatcher 
Great-crested 15 1 0 12 2 1996 
Flycatcher 
Great-crested 17 1 0 11 5 1995 
Flycatcher 
Great-crested 14 1 0 9 4 1994 
Flycatcher 
Great-horned Owl 1 1 0 0 0 1997 
Great-horned Owl 1 0 0 0 1 1996 
Great-horned Owl 3 1 0 0 2 1995 
Green Heron 1 0 0 0 1 1996 
Grey Catbird 51 10 4 21 16 1998 
Grey Catbird 45 9 2 20 14 1997 
Grey Catbird 50 4 2 26 18 1996 
Grey Catbird 44 4 0 24 16 1995 
Grey Catbird 48 4 0 24 20 1994 
Grey Partridge 29 17 2 1 9 1996 
Grey Partridge 2 1 1 0 0 1995 
Hairy Woodpecker 10 1 0 8 1 1996 
Hairy Woodpecker 7 1 0 2 4 1995 
Hairy Woodpecker 1 0 0 1 0 1994 
Horned Lark 13 1 12 0 0 1996 
Horned Lark 4 0 2 0 2 1995 
Horned Lark 7 1 5 0 1 1994 
House Finch 1 1 0 0 0 1996 
House Sparrow 1 1 0 0 0 1998 
House Sparrow 1 1 0 0 0 1997 
House Sparrow 3 2 1 0 0 1996 
House Sparrow 3 2 1 0 0 1995 
House Wren 52 6 4 27 15 1998 
House Wren 57 16 4 25 12 1997 
House Wren 48 5 1 27 15 1996 
House Wren 40 2 1 25 12 1995 
House Wren 46 5 0 26 15 1994 
Indigo Bunting 35 6 5 14 10 1998 
Indigo Bunting 40 10 3 15 12 1997 
Indigo Bunting 51 11 1 24 15 1996 
Indigo Bunting 27 3 0 16 8 1995 
Killdeer 33 8 17 1 7 1998 
Killdeer 26 6 15 1 4 1997 
Killdeer 29 7 13 1 8 1996 
Killdeer 22 3 12 1 6 1995 
Killdeer 19 2 14 0 3 1994 
Lark Sparrow 1 0 1 0 0 1998 
Lark Sparrow 1 0 0 1 0 1997 
Lark Sparrow 3 0 0 2 1 1996 
Least Flycatcher 6 0 0 3 3 1996 
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Appendix 3 Continued 
Species Total Herbaceous Cropland Woodland Riparian Year 
Least Flycatcher 2 0 0 2 0 1995 
Mallard 3 0 2 0 1 1998 
Mallard 3 2 1 0 0 1997 
Mallard 2 0 0 0 2 1996 
Mallard 6 1 1 0 4 1995 
Mallard 2 1 0 0 1 1994 
Meadowlarks (grouped) 27 18 5 0 4 1998 
Meadowlarks (grouped) 16 8 2 1 5 1997 
Meadowlarks (grouped) 22 14 1 1 6 1996 
Meadowlarks (grouped) 33 17 12 1 3 1995 
Meadowlarks (grouped) 26 9 8 2 7 1994 
Mourning Dove 66 19 8 19 20 1998 
Mourning Dove 58 16 7 22 13 1997 
Mourning Dove 74 18 7 28 21 1996 
Mourning Dove 39 14 5 12 8 1995 
Mourning Dove 39 6 3 19 11 1994 
Northern Bobwhite 9 4 5 0 0 1998 
Northern Bobwhite 7 2 3 2 0 1997 
Northern Bobwhite 9 4 1 1 3 1996 
Northern Bobwhite 7 3 3 0 1 1995 
Northern Bobwhite 3 1 1 0 1 1994 
Northern Cardinal 55 13 10 21 11 1998 
Northern Cardinal 69 21 8 24 16 1997 
Northern Cardinal 48 8 1 27 12 1996 
Northern Cardinal 42 6 1 23 12 1995 
Northern Cardinal 48 3 2 28 15 1994 
Northern Flicker 26 4 2 14 6 1998 
Northern Flicker 21 3 3 8 7 1997 
Northern Flicker 30 3 1 14 12 1996 
Northern Flicker 15 2 1 9 3 1995 
Northern Flicker 11 0 1 6 4 1994 
Northern Harrier 2 1 0 0 1 1998 
Northern Harrier 1 1 0 0 0 1996 
Orchard Oriole 5 2 2 1 0 1998 
Orchard Oriole 6 3 0 1 2 1997 
Orchard Oriole 4 1 0 1 2 1996 
Orchard Oriole 1 0 0 1 0 1995 
Orchard Oriole 2 1 0 1 0 1994 
Purple Martin 1 1 0 0 0 1996 
Red-bellied Woodpecker 18 2 4 7 5 1998 
Red-bellied Woodpecker 9 0 1 8 0 1997 
Red-bellied Woodpecker 21 1 0 13 7 1996 
Red-bellied Woodpecker 10 1 0 5 4 1995 
Red-bellied Woodpecker 13 0 0 9 4 1994 
Red-eyed Vireo 8 0 0 6 2 1998 
Red-eyed Vireo 11 0 0 10 1 1997 
Red-eyed Vireo 6 0 0 4 2 1996 
Red-eyed Vireo 3 0 0 2 1 1995 
Red-eyed Vireo 2 0 0 2 0 1994 
Red-headed Woodpecker 14 4 2 3 5 1998 
Red-headed Woodpecker 13 3 1 7 2 1997 
Red-headed Woodpecker 23 4 3 9 7 1996 
Red-headed Woodpecker 7 1 3 1 2 1995 
Red-headed Woodpecker 16 1 0 9 6 1994 
Red-tailed Hawk 10 8 0 1 1 1998 
Red-tailed Hawk 9 5 0 4 0 1997 
Red-tailed Hawk 8 5 0 1 2 1996 
Red-tailed Hawk 10 5 0 3 2 1995 
Red-tailed Hawk 10 0 1 4 5 1994 
Red-winged Blackbird 85 31 22 13 19 1998 
Red-winged Blackbird 89 32 18 20 19 1997 
Red-winged Blackbird 93 38 19 13 23 1996 
Red-winged Blackbird 77 34 15 6 22 1995 
Red-winged Blackbird 74 24 19 10 21 1994 
Ring-necked Pheasant 61 24 16 8 13 1998 
Ring-necked Pheasant 57 18 12 16 11 1997 
Ring-necked Pheasant 29 19 5 1 4 1996 
Ring-necked Pheasant 13 6 3 0 4 1995 
Ring-necked Pheasant 9 3 3 1 2 1994 
Rock Dove 2 1 1 0 0 1995 
Rose-breasted Grosbeak 33 3 3 18 9 1998 
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Appendix 3 Continued 
Species Total Herbaceous Cropland Woodland Riparian Year 
Rose-breasted Grosbeak 32 9 0 13 10 1997 
Rose-breasted Grosbeak 37 3 1 24 9 1996 
Rose-breasted Grosbeak 38 4 1 24 9 1995 
Rose-breasted Grosbeak 42 3 1 22 16 1994 
Rough-winged Swallow 3 2 0 0 1 1995 
Ruby-throated 1 0 0 0 1 1998 
Hummingbird 
Ruby-throated 1 0 0 1 0 1997 
Hummingbird 
Ruby-throated 1 1 0 0 0 1994 
Hummingbird 
Scarlet Tanager 1 0 0 0 1 1998 
Scarlet Tanager 1 0 0 1 0 1995 
Sedge Wren 14 10 0 0 4 1998 
Sedge Wren 24 12 0 4 8 1997 
Sedge Wren 38 26 2 4 6 1996 
Sedge Wren 21 15 2 1 3 1995 
Sedge Wren 11 8 1 0 2 1994 
Sharp-shinned Hawk 1 1 0 0 0 1995 
Song Sparrow 52 14 6 9 23 1998 
Song Sparrow 63 24 12 8 19 1997 
Song Sparrow 72 25 5 17 25 1996 
Song Sparrow 43 12 2 9 20 1995 
Song Sparrow 42 5 3 9 25 1994 
Sora 1 1 0 0 0 1995 
Spotted Sandpiper 2 0 0 0 2 1996 
Spotted Sandpiper 1 0 1 0 0 1995 
Spotted Sandpiper 1 0 0 0 1 1994 
Swamp Sparrow 2 0 0 0 2 1998 
Tree Swallow 9 3 1 2 3 1998 
Tree Swallow 20 11 7 0 2 1997 
Tree Swallow 3 2 1 0 0 1996 
Tree Swallow 3 1 a a 2 1995 
Turkey Vulture 2 1 0 1 0 1998 
Turkey Vulture 2 1 0 1 0 1997 
Turkey Vulture 1 a a 1 0 1996 
Upland Sandpiper 2 1 1 0 0 1998 
Upland Sandpiper 4 2 0 a 2 1997 
Upland Sandpiper 2 2 0 0 0 1996 
Upland Sandpiper 3 1 a a 2 1995 
Upland Sandpiper 2 a 2 0 0 1994 
Vesper Sparrow 3 0 2 1 0 1998 
Vesper Sparrow 10 3 4 0 3 1997 
Vesper Sparrow 36 14 18 0 4 1996 
Vesper Sparrow 12 1 8 1 2 1995 
Vesper Sparrow 15 2 10 0 3 1994 
Warbling Vireo 7 1 1 3 2 1998 
Warbling Vireo 1 a 0 1 0 1997 
Warbling Vireo 16 1 0 9 6 1996 
Warbling Vireo 5 a 0 2 3 1995 
Warbling Vireo 6 1 0 2 3 1994 
Western Meadowlark 25 11 11 0 3 1998 
Western Meadowlark 5 3 1 0 1 1997 
Western Meadowlark 44 28 8 1 7 1996 
Western Meadowlark 17 8 7 0 2 1995 
Western Meadowlark 25 8 9 1 7 1994 
White-breasted Nuthatch 14 2 a 9 3 1998 
White-breasted Nuthatch 12 3 0 7 2 1997 
White-breasted Nuthatch 17 2 0 12 3 1996 
White-breasted Nuthatch 7 1 0 6 a 1995 
White-breasted Nuthatch 19 a a 12 7 1994 
Willow Flycatcher 12 6 1 1 4 1998 
Willow Flycatcher 9 4 2 0 3 1997 
Willow Flycatcher 14 1 1 1 11 1996 
Willow Flycatcher 11 4 a 1 6 1995 
Willow Flycatcher 11 0 a 1 10 1994 
Wood Duck 1 a 0 a 1 1996 
Wood Duck 3 1 1 1 0 1995 
Wood Duck 4 a a 3 1 1994 
Wood Thrush 2 0 a 2 0 1995 
Yellow-billed Cuckoo 3 1 a 1 1 1998 
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Species Total Herbaceous Cropland Woodland Riparian Year 
Yellow-billed Cuckoo 26 3 1 14 8 1997 
Yellow-billed Cuckoo 21 1 0 12 8 1996 
Yellow-billed Cuckoo 21 2 0 15 4 1995 
Yellow-billed Cuckoo 22 0 0 18 4 1994 
Yellow-breasted Chat 1 0 0 1 0 1998 
Yellow-breasted Chat 1 0 0 1 0 1995 
Yellow-throated Vireo 6 1 1 2 2 1998 
Yellow-throated Vireo 2 0 0 2 0 1997 
Yellow-throated Vireo 1 0 0 1 0 1995 
Yellow Warbler 16 3 2 3 8 1998 
Yellow Warbler 10 0 2 4 4 1997 
Yellow Warbler 15 4 0 3 8 1996 
Yellow Warbler 10 2 1 1 6 1995 
Yellow Warbler 11 1 0 3 7 1994 
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CHAPTER 2. RECOMMENDED POINT COUNT PROTOCOL FOR AVIAN 
MONITORING AT NEAL SMITH NATIONAL WILDLIFE REFUGE 
A report to be submitted to the United States Fish and Wildlife Service 
Liessa H. Thomas, Erwin E. Klaas 
INTRODUCTION 
It is important to standardize methods used for long-term monitoring programs. 
A similar methodology must be used to compare surveys between years, or errors with 
statistical analysis may occur. Point counts have been conducted in a multitude of 
different ways, using varied techniques, but the 1995 publication of Monitoring Birds by 
Point Counts (Ralph et al. 1995a) attempts to unify these techniques. 
At the beginning of tall grass prairie restoration at Neal Smith National Wildlife 
Refuge (Neal Smith NWR), point count surveys were conducted each year, 1994-1998, to 
monitor summer breeding bird species. Objectives of this preliminary study were to 
gather baseline data to monitor changes in bird species diversity and document the 
response of breeding bird populations to the restoration of tall grass prairie. We analyzed 
the data for trends in abundance and frequency of occurrence for each species in each 
selected vegetation class over the five-year period. We then examined our field 
methodology for data collection and analyzed our techniques for accuracy and efficiency. 
We considered many of our methods suitable for future use but have also made some 
adjustments and improvements to other methods; these modifications will be reviewed in 
this paper. 
In the implementation of a long-term monitoring regime at Neal Smith National 
Wildlife Refuge, we use analysis of our pilot data along with research from similar 
studies to improve our point count monitoring methods. We have based our decisions 
upon the long-term goals of Neal Smith NWR to restore tallgrass prairie, oak savanna, 
and natural riparian communities. For the continuation of avian monitoring, we suggest 
the following methodology. 
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REVIEW OF SUGGESTED CHANGES 
Many of the recommendations listed below are unchanged from the pilot study. 
Some modification has been made, however, regarding three particular aspects: sampling 
of cropland points, number of repetitions of point counts each season, and sampling 
within the buffalo enclosure. Methods for which we recommend a change from those 
used for the pilot study are reviewed here. Most of the following recommendations are 
also in agreement with standard methods suggested by Ralph et al. (1995b). 
Should we continue to monitor cropland as it becomes less abundant, eventually 
to be totally removed from Neal Smith NWR? Cropland points offer an estimate of "pre-
prairie planting" bird communities likely to be present in similar cropland-dominated 
Iowa landscapes. Currently, cropland habitats are decreasing each year and these areas 
will all eventually be converted to tallgrass prairie plantings or restored wetlands. 
Eventually, it will not be practical to continue surveys of cropland points. Until there are 
only about 8 cropland points remaining, however, they should continue to be surveyed. 
As cropland points are converted to grassland, points should continue to be surveyed, but 
vegetation classes should be changed to herbaceous with planting year also noted. 
For monitoring avian populations over a large complex of habitats, is it better to 
have one visit per point using many points or three visits per point using fewer points? 
The answer depends upon the goals of the survey. Ralph et al. (1995b), in a workshop 
-----... ~-~--~""---.. .,..,.-...---~. 
review of bird sampling techniques, suggest that a point should be sampled only once 
w • __ • ___ "_.~_~ __ .,_ ••• , __ ~-""Y"''''''''''''-''''''''''''''''~'''~ .-,,,,;' ~v"_w'" _ ....• -". r ... _.~ ...... ,_~ __ .. ~-___ . ___ ~~._.v -- .... ~-.,-----~ 
during each season, unless the goal is to determine species composition at a particular 
, """._._" > .•• ~ •• _"" .... w .. _v~,_·· ....... ~ '._. - .. ~ ,-. ,..... w. • ,,~ •••• ___ •• ,~- •• y-.. -... " ........... ,,~-, ..... -
limited area, such as a rare habitat. Petit et al. (1995) and Smith et al. (1995) determined 
~ ~.. '''--.>.-. ~-~--~'~~~ ....... -
that more points yielded significantly greater cumulative number of species than multiple 
visits to fewer points. I If the goal is to monitor long-term change over the entire refuge, 
resources will be most efficiently allocated if a large number of pints (30 or more per 
habitat) are surveyed once each year., Large numbers of truly independent samples can be 
attained by this method, whereas the duplication of points could have been represented by 
additional independent counts (Hutto et al. 1986). Replication of counts at individual 
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sites may only be desirable if the cost of replication is much less than the cost of 
sampling new sites (Link et al. 1994). 
Rather that focus repeated efforts on a limited number of selected points, 
efficiency would be increased by simply adding more points to cover more of the vast 
physical area of Neal Smith NWR. By examining a correlation analysis plot of first and 
second repetitions of counts, and second and third repetitions of counts, our data gathered 
at each visit appear fairly independent (L. Thomas and P. Dixon, unpublished data). This 
is perhaps a reflection of seasonal variation in detectability or abundance of different 
species, seasonal development of vegetation structure, or localized mowing. Local 
variation in vegetation structure occurs each year because of the intensive management, 
including controlled burning, mowing, and the variety of new prairie plantings. 
Additional points would better represent the overall variation of the landscape, including 
prairie habitats during various stages of restoration. 
It would be beneficial to the long-term goals of Neal Smith NWR to have data on 
the effects of grazing on bird communities at the refuge, although the collection of this 
data may require a separate and newly designed study. Valuable data were lost due to the 
1996 establishment of an enclosed Bison and elk area, which excluded 19 of the original 
points from being surveyed in the standard manner. Safety precautions may cause 
sampling technique to be altered in this area, but basic sampling protocol should be 
followed to allow for comparison of data with ungrazed sites. The designated observer 
could work with another person, each with a hand-held communications radio. Ifbuffalo 
approach the observer's area, the observer and "lookout" person can make immediate 
radio contact and the observer can quickly return to a vehicle. Aside from the habitat 
disruption of driving a vehicle through the prairie, data collected from a vehicle is not 
comparable to data collected by a single observer on foot. Repeated sampling of a 
limited number of grassland points within the Bison and elk area could be used to 
compare with a selected number of ungrazed grassland points using the same number of 
repetitions. 
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RECOMMENDED METHODS 
Many of these recommendations are based upon previous research as outlined in 
the above section. Others are based on the first five years of avian point counts 
conducted by researchers in association with Iowa State University (Thomas 1999). In 
order to maintain a high quality of data suitable for long-term avian analysis, this survey 
protocol should be followed as accurately and carefully as possible. 
1. Preliminary study: 1994-1998 consisted of five years of annual point -count surveys 
within four vegetation classes as the basis of comparison for early development of 
Neal Smith NWR prairie plantings. 
2. Selection of survey points: Existing points should be used whenever possible. If it 
becomes necessary to add new points, they should be randomly selected within 
the predominant vegetation cover. 
3. Vegetation assignments: Predominant vegetation classifications used for the first five 
years of the study were as follows. "Cropland" is defined as tilled row crops of 
corn or soybeans; "herbaceous" is defined as native or restored prairie, relict 
prairie, or CRP plantings; "riparian" is defined as corridors of vegetation 
surrounding small streams or wetlands; and "woodland" is defined as savanna or 
second growth forest. We suggest that these habitats be surveyed because they 
reflect the goals Neal Smith NWR, with cropland points used as a basis for 
comparison of conditions that existed before the establishment of the refuge. As 
cropland points change to prairie plantings, they should continue to be surveyed, 
but vegetation class should be changed to herbaceous. 
4. Minimum distance between points: The minimum distance between points should be 
200 meters to reduce the likelihood of double counting individual birds. 
5. Number of points sampled: A minimum of 25-30 points (Ralph et al. 1995b) per 
vegetation type should be sampled. If possible, approximatel~pints per£!airie 
planting year should be sampled for estimations of bird s~_:~ies_ ~~m~os~tion 
_~ __ , __ ~ ___ • -_ .~< ··~ ____ a ____ -,- ~-~-- -'---, ____ •• ___ •• __ , __ ._ .... ___ ~ ~. 
within yearly planting units. 
~-,-----.--- .. -~ 
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6. Observer: One qualified observer should conduct all point counts within each year 
surveyed, and between years, if possible. Only one person should be present at 
each survey point. Observers must approach points quietly and on foot to 
minimize disturbance. 
7. Location 0/ survey points: Annual re-Iocation of points should be done to the best of 
the observer's ability using topography maps, landmarks, flags, and GPS. 
8. Bison and elk area points: Studying the effects of Bison and elk grazing requires 
enough separate sampling that it could comprise separate study. If points are 
sampled within the Bison and elk area, the same number of points per selected 
vegetation type should be monitored for comparison outside the enclosure. Bison 
and elk area points may require assistance from another person. One observer 
should approach the point on foot, if possible, while another lookout assistant 
maintains radio contact with the observer from a distant location from the point. 
For a reliable comparison between treatments, all points must be sampled in the 
same manner. 
9. Dates o/surveys: Surveys should be conducted between mid-May and early-mid-luly, 
prime breeding season for most Iowa prairie and woodland birds. Mid-May 
through June would be best, as fledglings often appear in July and confound 
observations. 
10. Number o/repetitions o/surveys per point: For continued monitoring of avian 
diversity and abundance point counts should be conducted at each point once per 
survey year. 
11. Time 0/ day: Surveys should be conducted between sunrise and 10:00 a.m. 
12. Weather conditions: No survey should be conducted during dense fog, rain, 
imminent storms, or high winds exceeding 15-20 mph. These conditions may 
inhibit the observer's ability to detect birds and may also affect bird behavior. 
13. Duration and sectioning 0/ counts: Count data should be partitioned into 0-5 and 5-
10 minutes, beginning immediately after observer reaches the designated survey 
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point. New individuals should be recorded in the appropriate time category based 
upon time of fIrst observation. 
14. Survey distance: Birds observed within 0-25, 25-50, 50-100 meter radius from the 
central survey point should be recorded within those categories. Birds should be 
recorded at the distance where they are fIrst observed. The observer is responsible 
for becoming familiar with estimation of distances in meters. The observer 
should then estimate distances of bird detections. Data from the fIrst fIve year 
study were analyzed using the 0-50 meter data, as these seem to be the most 
complete and accurate. Data from the 50-100 meter radius is important, however, 
for detecting an occasional new or uncommon species. 
15. Which birds to record: All birds seen or heard should be recorded with the number of 
birds and distance class from the central point. To reduce observer confusion and 
double-sightings, sex, locations, and individual movements may be recorded. 
First- year juveniles and fledglings should be counted separately and not included 
in the fInal species tally for data analysis. Birds flushed within 50 meters of the 
central point should be counted within that radius. 
16. Unidentified species: For individuals unidentifIed during the count time, these may 
be followed and identified when the allotted time has fInished. Species that 
remain unidentified should still be recorded, but noted as "unknown." If observer 
is able to supply a description, this should be included. 
17. Weather recording, etc: In addition to birds observed, date, time, temperature, sky 
conditions, wind speed, and observer should also be recorded on each data sheet. 
18. Data recording: Observations should be recorded using a standard point-count data 
form (Appendix A) with standard accepted species abbreviations to avoid any 
confusion of species identification. Hard (paper) copies of all point count surveys 
should be retained in a permanent flle. 
19. Data entry: Be consistent, whenever possible, in methods and programs used to aid 
future comparisons of data between years. Back-up of data flles is always a good 
idea. 
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20. Yearly frequency of surveys: Surveys should be conducted each year, or as often as 
possible. 
RESEARCH RECOMMENDATIONS 
A variety of research questions can be answered using the point-count data 
collected following the above recommended methodology. Separate studies directed by 
Neal Smith NWR or through research associations with universities, colleges, and other 
institutions can also be used to gather additional data on birds and other fauna. 
Consultation with a statistician may be necessary to confinn appropriate methods of data 
collection for specific goals and analysis of data. 
Some relevant topics of interest that can be studied in the future are listed below. 
1. Response of selected bird species to various ages of prairie plantings . 
.. -.,. .-" ....• ' 
-.. . ... --.---- .. --~~~ 
2. Response of selected bird species to different management treatments (e.g. burning or 
-..... - .~~----
-----_. 
mowing). 
3. Effects of Bison and elk grazing on bird species composition, diversity, abundance, or 
nesting success. 
4. Nesting success of songbirds within or between treatments (e.g. age of prairie 
planting, burning, mowing, grazing, etc.). 
5. Complete surveys of avian species using Neal Smith NWR during the Winter/and 
during spring/fall migration. 
6. Close examinations of habitat preferences and life histories focusing on specific 
species of conservation concern, for example Bobolink, Sedge Wren, or Upland 
Sandpiper. 
CONCLUSIONS 
We recommend that future avian monitoring follow the above protocol to best 
utilize available resources and be most compatible with other bird surveys. The above 
suggestions differ somewhat from the original five years of point count surveys, but with 
a long-term study in mind, we feel that the recommended changes are necessary and 
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practical. Neal Smith NWR offers a unique opportunity to monitor bird populations in 
response to a large-scale tallgrass prairie restoration project. For the sake of comparison 
and consistency between years, one method should be followed for each individual 
survey. 
Some major differences between the initial five years and the proposed long-term 
methodology are as follows. Several analyses have shown that many count stations 
surveyed once yield greater species diversity than fewer points sampled several times 
during the season (Smith et al. 1995). As cropland is being replaced by tallgrass prairie 
plantings at Neal Smith NWR, we feel that sampling efforts should be concentrated 
within the communities of concern: herbaceous (prairie), woodland and savanna, and 
riparian. The initial five years of surveys in cropland, plus additional cropland surveys as 
long as they remain feasible, can be used as a baseline comparison for what species are 
likely to have dominated the area before the establishment of this large-scale prairie 
restoration. 
One major concern has been the continued sampling efforts in the enclosed Bison 
and elk area. Before its establishment, nineteen points in the area were surveyed as all 
other points. In 1997 and 1998, those nineteen points were off-limits to foot travel and 
were then surveyed separately by a different observer using a large military track vehicle. 
Data gathered in this manner cannot be compared with data gathered over the rest of the 
refuge, and thus effects of Bison and elk presence and grazing upon bird communities at 
Neal Smith NWR are not known. These effects can only be studied if all point counts are 
conducted using the same methodology for all points within each survey year. 
The standardization of point count techniques across a wide diversity of habitats 
may be unreliable (Lynch 1995). Our suggestions here are appropriate for the habitat 
types at Neal Smith NWR so that avian species composition may be compared within and 
across vegetation classes. We have attempted to combine the recommendations of other 
researchers with our own experiences from the preliminary 1994-1998 surveys. We have 
analyzed our pilot data from the first five years of point count surveys to simulate 
different techniques with the goal of maximizing both accuracy and efficiency. 
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Appendix 1. Data form for point count surveys. Page 1 of 2. 
Neal Smith National Wildlife Refuge Breeding Bird Survey 
Green-backed Heron 
Great Blue Heron 
Canada Goose 
Mallard 
Wood Duck 
Blue-winged Teal 
Killdeer 
Sora 
Upland Sandpiper 
American Woodcock 
Turkey Vulture 
American Kestrel 
Northern Harrier 
Red-tailed Hawk 
Rough-legged Hawk 
Sharp-shinned Hawk 
Barred Owl 
Great Homed Owl 
Short-eared Owl 
Wild Turkey 
Greater Prairie-Chicken 
Grey Partridge 
Ring-necked Pheasant 
Ruffed Grouse 
Northern Bobwhite 
Mourning Dove 
Rock Dove 
Black-billed Cuckoo 
Yellow-billed Cuckoo 
Belted Kingfisher 
Downy Woodpecker 
Hairy Woodpecker 
Northern Flicker 
Red-bellied Woodpecker 
Red-headed Woodpecker 
Acadian Flycatcher 
Alder Flycatcher 
Eastern Wood-Pewee 
Eastern Kingbird 
Eastern Phoebe 
Great Crested Flycatcher 
Least Flycatcher 
Willow Flycatcher 
Homed Lark 
Bank Swallow 
Bam Swallow 
Cliff Swallow 
Tree Swallow 
No. Rough-winged Swallow 
Purple Martin 
Chimney Swift 
Ruby-throated Hummingbird 
Blue Jay 
American Crow 
Scarlet Tanager 
GNBH 
GTBH 
CAGO 
MALL 
WODU 
BWTE 
KILL 
SORA 
UPSA 
AMWO 
TUVU 
AMKE 
NOHA 
RTHA 
RLHA 
SSHA 
BAOW 
GHOW 
SEOW 
WITU 
GRPC 
GRPA 
RNPH 
RUGR 
NOBO 
MODO 
ROCD 
BBCU 
YBCU 
BEKI 
DOWO 
HAWO 
NOFL 
RBWO 
RHWO 
ACFL 
ALFL 
EAWP 
EAKI 
EAPH 
GCFL 
LEFL 
W1FL 
HOLA 
BANS 
BARS 
CLSW 
TRES 
RWSW 
PUMA 
CHSW 
RTHU 
BLJA 
AMCR 
SCTA 
Black-capped Chickadee 
Tufted Titmouse 
White-breasted Nuthatch 
House Wren 
Marsh Wren 
Sedge Wren 
Northern Mockingbird 
Eastern Bluebird 
American Robin 
Wood Thrush 
Swainson's Thrush 
Grey Catbird 
Brown Thrasher 
Cedar Waxwing 
Loggerhead Shrike 
European Starling 
Bell's Vireo 
Red-eyed Vireo 
Warbling Vireo 
Yellow-throated Vireo 
American Redstart 
Black and White Warbler 
Magnolia Warbler 
Wilson's Warbler 
Yellow-rumped Warbler 
Tennessee Warbler 
Common Yellowthroat 
Ovenbird 
Yellow Warbler 
Yellow-breasted Chat 
Northern Cardinal 
Rose-breasted Grosbeak 
American Goldfinch 
Indigo Bunting 
Dickcissel 
Rufus-sided Towhee 
Chipping Sparrow 
Field Sparrow 
Grasshopper Sparrow 
Henslow's Sparrow 
House Sparrow 
Lark Sparrow 
Savanna Sparrow 
Song Sparrow 
Swamp Sparrow 
Vesper Sparrow 
Bobolink 
Red-winged Blackbird 
Yellow-headed Blackbird 
Eastern Meadowlark 
Western Meadowlark 
Common Grackle 
Brown-headed Cowbird 
Northern (Baltimore) Oriole 
Orchard Oriole 
House Finch 
IIf you use code abbreviation for species not listed here, please list here avoid future confusion. 
BCCH 
TUTI 
WBNU 
HOWR 
MAWR 
SEWR 
NOMO 
EABL 
AMRO 
WOTH 
SWTH 
GRCA 
BRTH 
CEDW 
LOSH 
EUST 
BEVI 
REVI 
WAVI 
YTVI 
AMRE 
BAWW 
MAWA 
WIWA 
YRWA 
TEWA 
COVE 
OVEN 
YWAR 
YBCH 
NOCA 
RBGR 
AMGO 
INBU 
DICK 
RSTO 
CHSP 
FISP 
GRSP 
HESP 
HOSP 
LASP 
SASP 
SOSP 
SWSP 
VESP 
BOBO 
RWBL 
YHBL 
EAME 
WEME 
COGR 
BHCO 
NOOR 
OROR 
HOFI 
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Appendix 1 continued. Data form for point count surveys. Page 2 of 2. 
Neal Smith National Wildlife Refuge Breeding Bird Survey 
Point# __ Vegetation Type. ___ _ Observer ____ _ 
Date Time Temp__ Wind Speed ___ _ 
Weather: Clear (0) I Partly cloudy (1) I Overcast (2) I Fog, smoke (4) I Light drizzle (5) 
50-100m 2S-S0m 
FINAL SPECIES TALLY 0-25 Meters 25-50 Meters 50-100 Meters 
SPECIES 0-5 MIN 5-10 MIN 0-5 MIN 5-10 MIN 0-5 MIN 5-10 MIN 
NOTES: 
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Appendix 2. All point count locations, UTM coordinates, and vegetation classes. Points 
immediately surrounded by or within prairie vegetation are identified by prairie planting 
year or remnant status. Points not used are indicated with a dash. 
Point X-Coord. Y-Coord. 1994 1995 1996 1997 1998 1999 Prairie 
1 0474316.04 4605595.00 HERB HERB HERB HERB HERB HERB 
2 0474715.68 4605594.65 HERB HERB HERB HERB HERB HERB 
3 0475016.04 4605095.00 HERB HERB HERB HERB HERB HERB 
4 0475417.54 4605093.56 RPRN RPRN RPRN RPRN RPRN RPRN 1994 
5 0475116.04 4604895.00 CROP CROP CROP CROP HERB 1998 
6 0475816.21 4604592.66 WOOD WOOD WOOD WOOD WOOD WOOD 
7 0476320.12 4604596.77 HERB HERB HERB HERB HERB HERB 
8 0476616.86 4604493.73 CROP CROP CROP CROP CROP CROP 
9 0474921.02 4604394.97 CROP CROP CROP CROP CROP CROP 
10 0477616.04 4604395.00 CROP CROP CROP CROP HERB HERB 1997 
11 0475319.57 4604288.35 RPRN RPRN RPRN RPRN RPRN RPRN 
12 0475516.04 4604295.00 HERB HERB HERB HERB HERB HERB 
13 0476121.44 4604308.59 RPRN RPRN RPRN RPRN RPRN RPRN 
14 0476317.65 4604300.34 WOOD WOOD WOOD WOOD WOOD WOOD 
15 0476320.72 4604209.28 RPRN RPRN RPRN RPRN RPRN RPRN 
16 0478013.20 4604182.57 RPRN RPRN RPRN RPRN RPRN RPRN 1997 
17 0476016.04 4603995.00 HERB HERB HERB HERB HERB HERB 
18 0476216.98 4603997.21 WOOD WOOD WOOD WOOD WOOD WOOD 
19 0476316.04 4603995.00 WOOD WOOD WOOD WOOD WOOD WOOD 
20 0476511.38 4603995.41 RPRN RPRN RPRN RPRN RPRN RPRN 
21 0477310.76 4603895.75 HERB HERB HERB HERB 
22 0476820.49 4603790.50 RPRN RPRN RPRN RPRN RPRN RPRN 
23 0477216.04 4603595.00 CROP CROP CROP CROP 
24 0475916.04 4603495.00 CROP HERB HERB HERB HERB HERB 1994 
25 0476615.90 4603492.47 CROP CROP CROP CROP CROP CROP 
26 0476616.49 4603387.71 WOOD WOOD WOOD WOOD WOOD WOOD 
27 0476616.61 4603294.94 WOOD WOOD WOOD WOOD WOOD WOOD 
28 0477516.04 4603295.00 HERB HERB HERB HERB HERB HERB 
29 0476720.90 4603199.85 WOOD WOOD WOOD WOOD WOOD WOOD 
30 0477513.64 4603096.72 HERB HERB HERB HERB HERB HERB 
31 0477610.83 4603098.77 RPRN RPRN RPRN RPRN RPRN RPRN 
32 0475216.04 4602895.00 CROP CROP CROP CROP CROP CROP 
33 0477816.04 4602895.00 HERB HERB HERB CROP CROP CROP 
34 0477003.42 4602595.00 RPRN RPRN RPRN RPRN RPRN RPRN 1997 
35 0477793.10 4602641.73 WOOD WOOD WOOD WOOD WOOD WOOD 
36 0478016.08 4602595.12 HERB HERB HERB HERB HERB HERB Remnant 
37 0476525.76 4602395.10 HERB HERB HERB 
38 0477116.04 4602295.00 CROP CROP HERB HERB HERB HERB 1997 
39 0477616.04 4602295.00 CROP HERB HERB HERB HERB HERB 1994 
40 0476816.04 4602095.00 HERB HERB HERB 
41 0475016.04 4601895.00 CROP CROP HERB 
42 0476117.10 4601791.39 RPRN RPRN RPRN 
43 0477015.91 4601798.98 RPRN RPRN RPRN 
44 0476312.81 4601683.36 RPRN RPRN RPRN 
45 0476365.79 4601575.97 WOOD WOOD WOOD WOOD WOOD WOOD 
46 0475616.04 4601495.00 CROP CROP HERB 
47 0476416.09 4601488.13 CROP CROP HERB 
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Appendix 2 continued. 
Point X-Coord. Y-Coord. 1994 1995 1996 1997 1998 1999 Prairie 
48 0477320.31 4601493.10 WOOD WOOD WOOD WOOD WOOD WOOD -
49 0477322.14 4601401.14 WOOD WOOD WOOD WOOD WOOD WOOD -
50 0476516.04 4601295.00 CROP HERB HERB 
51 0477326.40 4601306.70 RPRN RPRN RPRN RPRN RPRN RPRN 
52 0477616.04 4601195.00 CROP CROP HERB HERB HERB HERB 1995 
53 0478816.04 4601195.00 CROP CROP CROP CROP CROP CROP 
54 0476715.90 4601099.37 CROP HERB HERB 
55 0477014.50 4601098.00 RPRN RPRN RPRN 
56 0477517.43 4601103.89 HERB HERB HERB HERB HERB HERB 1995 
57 0478516.04 4601095.00 CROP CROP CROP CROP CROP CROP 
-
58 0475217.64 4600995.42 RPRN RPRN RPRN 
59 0476615.82 4601001.06 RPRN RPRN RPRN 
60 0476815.44 4601012.16 RPRN RPRN RPRN 
61 0477219.66 4600988.88 WOOD WOOD WOOD - WOOD WOOD -
62 0477614.55 4600993.54 WOOD WOOD WOOD WOOD WOOD WOOD -
63 0476997.88 4600944.66 WOOD WOOD WOOD - WOOD WOOD -
64 0476019.59 4600875.21 RPRN RPRN RPRN 
65 0477530.19 4600897.21 RPRN RPRN RPRN RPRN RPRN RPRN 
66 0476612.07 4600799.07 HERB HERB HERB HERB HERB HERB 
-
67 0475316.04 4600695.00 CROP CROP HERB 
68 0476212.02 4600688.61 HERB HERB HERB HERB HERB HERB 1994 
69 0477315.80 4600688.93 RPRN RPRN RPRN RPRN RPRN RPRN 
70 0477613.97 4600709.39 RPRN RPRN RPRN RPRN RPRN RPRN 
71 0476918.29 4600484.99 RPRN RPRN RPRN RPRN RPRN 1993 
72 0479016.04 4600495.00 HERB HERB HERB HERB HERB HERB -
73 0479716.04 4600495.00 CROP CROP HERB 
74 0478017.39 4600360.87 WOOD WOOD WOOD RPRN RPRN RPRN 
75 0475816.04 4600295.00 HERB HERB HERB HERB HERB HERB -
76 0477715.99 4600293.82 WOOD WOOD WOOD WOOD WOOD WOOD -
77 0477916.04 4600195.00 WOOD WOOD WOOD WOOD WOOD WOOD -
78 0478016.04 4600095.00 WOOD WOOD WOOD WOOD WOOD WOOD -
79 0476516.04 4599995.00 CROP HERB HERB HERB HERB HERB 1994 
80 0477716.04 4599995.00 HERB HERB HERB HERB HERB HERB 1999 
81 0479016.04 4599995.00 HERB HERB HERB HERB HERB HERB 1993 
82 0475016.04 4601895.00 CROP WOOD WOOD WOOD WOOD WOOD -
83 0479816.04 4599895.00 CROP CROP CROP 
84 0476714.55 4599495.40 RPRN RPRN CRPRN RPRN RPRN RPRN 1994 
85 0477116.04 4599495.00 CROP HERB HERB HERB HERB HERB -
86 0477214.00 4599093.32 CROP HERB HERB HERB HERB HERB -
87 0477014.67 4598806.42 RPRN RPRN RPRN RPRN RPRN RPRN 
88 0477116.04 4598695.00 WOOD WOOD WOOD WOOD WOOD WOOD -
89 0477011.02 4598602.78 WOOD WOOD WOOD WOOD WOOD WOOD -
90 0477315.41 4598585.84 HERB HERB HERB HERB HERB HERB -
91 0477013.39 4598397.43 HERB HERB HERB HERB HERB HERB -
92 0477515.22 4598395.58 WOOD WOOD WOOD WOOD WOOD WOOD -
93 0477617.34 4598394.12 HERB HERB HERB HERB HERB HERB -
94 0477511.08 4598295.62 WOOD WOOD WOOD WOOD WOOD WOOD -
95 0478016.78 4598194.10 WOOD WOOD WOOD WOOD WOOD WOOD -
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Appendix 2 continued. 
Point X-Coord. V-Coord. 1994 1995 1996 1997 1998 1999 Prairie 
96 0477616.04 4598095.00 CROP HERB HERB HERB HERB HERB 1994 
97 0478314.94 4597289.19 WOOD WOOD WOOD WOOD WOOD WOOD -
98 0478610.08 4597301.12 HERB HERB HERB HERB HERB HERB -
99 0478813.88 4597292.13 RPRN RPRN RPRN RPRN RPRN RPRN 
-
100 0477916.04 4597195.00 CROP CROP CROP CROP CROP CROP -
101 0478216.18 4597194.95 WOOD WOOD WOOD WOOD WOOD WOOD -
102 0478513.09 4596994.98 WOOD WOOD WOOD WOOD WOOD WOOD -
103 0478816.04 4596995.00 HERB HERB HERB HERB HERB HERB -
104 0478613.70 4596895.48 RPRN RPRN RPRN RPRN RPRN RPRN -
105 0478421.84 4596794.51 HERB HERB HERB HERB HERB HERB -
106 0476549.30 4601888.23 WOOD WOOD WOOD 
-
121 0476716.04 4604195.00 CROP CROP CROP CROP CROP CROP -
122 0478016.04 4604295.00 CROP CROP CROP CROP 
123 0477016.04 4604395.00 CROP CROP CROP CROP CROP CROP -
127 0475900.00 4598400.00 - CROP CROP CROP -
128 0476540.00 4598800.00 - CROP CROP CROP -
129 0478310.00 4597950.00 - CROP CROP CROP 
-
130 0475760.00 4598820.00 - WOOD WOOD WOOD -
131 0477049.00 4604741.00 - CROP CROP -
134 0475356.00 4602969.00 - CROP CROP -
135 0478834.00 4596867.00 - CROP CROP 
136 0477831.00 4602963.00 - CROP CROP -
137 0476388.00 4600123.00 - CROP CROP -
138 0476988.00 4599464.00 - CROP CROP -
139 0475628.00 4598682.00 - CROP CROP -
141 0476515.00 4598290.00 - CROP CROP -
142 0476772.00 4598265.00 - CROP CROP -
143 0474764.00 4605650.00 - RPRN RPRN -
144 0477401.00 4604251.00 - RPRN RPRN 1994 
145 0477140.00 4601942.00 - RPRN RPRN 1997 
146 0477669.00 4601515.00 - RPRN RPRN 
-
147 0476882.00 4598861.00 - RPRN RPRN 
-
148 0478817.00 4597625.00 - RPRN RPRN 
-
149 0475814.00 4604256.00 - RPRN 1994 
150 0479434.00 4600739.00 - HERB 1998 
151 0479519.00 4599941.00 - WOOD Remnant 
152 0477174.00 4599907.00 - HERB 1994 
153 0475893.00 4598866.00 - RPRN 
154 0476696.00 4598461.00 - RPRN 
155 0477434.00 4598293.00 - WOOD -
156 0475930.00 4598737.00 - WOOD -
157 0478686.00 4597357.00 - WOOD -
158 0478600.00 4596677.00 - RPRN -
159 0478072.00 4598221.00 - WOOD -
160 0477576.00 4598593.00 - WOOD -
161 0476886.00 4603217.00 - RPRN 1997 
162 0477312.00 4602733.00 - RPRN 1994 
163 0477252.00 4603717.00 - HERB 1997 
164 0478131.00 4599803.00 - RPRN -
165 0479994.00 4600059.00 - HERB 1993 
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Appendix 2 continued. 
Point X-Coord. V-Coord. 1994 1995 1996 1997 1998 1999 Prairie 
166 0477519.00 4599956.00 - HERB 1993 
167 0474767.00 4601022.00 - HERB 1993 
168 0476996.00 4600692.00 - HERB 1993 
169 0479393.00 4600506.00 - HERB 1993 
170 0476661.00 4600265.00 - HERB 1995 
171 0477409.00 4600448.00 - HERB 1995 
172 0477825.00 4601191.00 - HERB 1995 
173 0477964.00 4600754.00 - HERB 1995 
175 0476212.00 4598898.00 - HERB 1996 
176 0477866.00 4603931.00 - HERB 1997 
177 0477174.00 4503274.00 - HERB 1997 
178 0477644.00 4601750.00 - HERB 1997 
179 0478023.00 4604768.00 - HERB 1998 
180 0477667.00 4603739.00 - HERB 1998 
181 0479847.00 4600445.00 - HERB 1998 
182 0479832.00 4599901.00 - HERB 1998 
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Appendix 3. Map of Neal Smith National Wildlife Refuge with locations of all breeding 
bird census points. 
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GENERAL CONCLUSIONS 
The prairie restoration at Neal Smith National Wildlife Refuge offers a unique 
opportunity to observe the response of bird communities to this large-scale landscape 
change. Much of the current research focusing on landscape change in the Midwest deals 
with habitat loss and fragmentation, but rarely do avian ecologists have the chance to 
study the response of avian communities to ecological restoration. Declines in 
Neotropical migrant songbirds have been noted in recent years (Robbins et al. 1986) with 
loss of suitable habitat on the breeding grounds as a likely major cause (Robinson et al. 
1995). 
I noted an increase in several grassland and savanna birds, based on the results of 
a five-year monitoring survey of habitats at Neal Smith NWR. To date, ta1lgrass prairie 
has been the most intensively managed habitat type, with limited management regimes 
beginning to affect some savanna areas too. Increases in particular species may be 
attributed to increased grassland habitat and a corresponding decrease in surrounding 
agriculture, an expanding diversity of native plant species, and the development of a 
variety of grassland habitat structures. As farmland is converted to grassland within the 
3504 ha Neal Smith NWR boundaries, I expect to see additional increases in abundance 
and diversity of grassland and savanna birds. As Neal Smith NWR continues its mission 
to restore the tallgrass prairie ecosystem, more area-sensitive birds may discover the 
expanding prairie habitat and return to breed on a regular basis. 
Methods used for the first five years of monitoring have been analyzed and 
revised to improve efficiency of sampling efforts. I recommend standardized methods for 
long-term monitoring at Neal Smith NWR both within and beyond the enclosed Bison 
and elk area so that the impacts of grazing and the presence of buffalo can be determined. 
I also recommend sampling efforts be concentrated on habitats of concern to the long-
term goals of Neal Smith NWR: herbaceous, woodland, and riparian. Cropland points 
should continue to be surveyed, and as they are converted to prairie plantings, vegetation 
class should be changed. If additional points are added within these habitats and cropland 
points eliminated from future surveys, one visit per point will be sufficient to determine 
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avian population trends. For future bird surveys at Neal Smith NWR, an additional 
detailed procedural protocol has been included, with suggestions for other relevant avian 
studies. 
Restoration of a declining habitat before extirpation or extinction of its dependent 
species can provide an important protective refuge for long-tenn maintenance of species 
diversity. Specialized tallgrass prairie bird populations have a chance to recover in Iowa, 
if only in a small portion of an area once covered by vast expanses of prairie. Perhaps if 
we can document the recovery or sustainability of habitat specific species such as the 
Short-eared Owl, Upland Sandpiper or Bobolink, we can inspire the protection and 
restoration of additional natural areas for future generations to enjoy. 
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